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PREFACE. 


‘Whatever system a student in Chemistry may 
prefer, he will often have occasion to regret, while 
studying that system, the insufficiency of the gra- 
phic illustrations attached to the work. In all 
systems of Chemistry extant, apparatus for many 
different purposes are referred to without being 
figured in the Plates ; and, although the books 
which do contain representations of such apparatus 


may, in many instances, be quoted, it too fre- 
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quently happens, that students, not having access 
to those books, are compelled to rest satisfied with 
mere description ; and, consequently, never acquire 
that full knowledge of some processes which judi- 
cious description and graphical illustration com- 
bined are calculated to impart. In attending lec- 
tures, too, astudent may not have time or opportu- 
nity to examine the furniture of the lecture-table 
so as to be enabled perfectly to comprehend the 
construction and principles of every article of ap- 
paratus. 

The design of the present publication is to 
remedy these defects, by affording representations, 
accompanied by suitable descriptions, of all the 
apparatus necessary for carrying on the multifa- 
rious operations of Philosophical Chemistry. Free 
use has been made of the best authorities ; informa- 
tion scattered through many volumes has been col- 
lected together ; many original practical remarks 


and explanations have been introduced ; and it is 
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hoped that the Work may prove an important 
auxiliary to every system of Chemistry, an accepta- 
ble aid to students of Chemical Science, and a use- 


ful book of reference to general enquirers. 


LONDON, 
October, 1824. 
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CHEMICAL APPARATUS. 


GENERAL NATURE 
OF 


CHEMICAL APPARATUS AND INSTRUMENTS. 


"THE term chemical apparatus is applied either gene- 
rally, to express the whole of the utensils and vessels 
that have been invented for the purpose of performing 
chemical experiments ; or, in a more limited sense, it 
ig applied to those complicated instruments, for the most 
part of modern invention, in which a number of separate 
parts are combined into one whole. 

Thus, according to the first application of the term, a 
retort is an article of chemical apparatus; a receiver is 
another article; and these two, according to the latter 
method of applying the term, when combined, form one 
of the simplest species of DISTILLATORY APPARATUS. 

As chemistry is a science founded entirely on experi- 
ment and operative research, it naturally furnishes more 
opportunities for signalizing the inventive genius of 

those who successfully pursue it, than any other branch 
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of experimental employ ; and hence there is hardly an 
operator whose mind has not suggested some improve- 
ment or useful alteration in the construction of the 
instruments of experiment. But to the superior aid of 
modern instruments of research, chemistry is particularly 
indebted for its rapid advancement. In proof of this 
statement, the invention of the thermometer need only 
be mentioned. In the beginning of the seventeenth 
century, men were accustomed to judge the different 
degrees of heat and cold by their own feelings ; and the 
estimations thus formed, were often exaggerated, and 
always vague and fallacious. The acquisition of the 
thermometer first introduced certainty and precision into 
chemical research, and by detecting minute alterations 
of temperature, and changes of mutual relations, very 
important discoveries have been made. ‘* Nothing 
tends so much to the advancement of knowledge as the 
application of a new instrument. The active intellectual 
powers of men in different times, are not so much the 
causes of the different success of their labours, as the 
peculiar nature of the means and artificial resources in 
their possession.’’* 


Chemical Laboratory. 


The place in which the operations of seems y are 
carried on, is called the Lahoratory. 

It was once thought, that a building erected on pur- 
pose, and regularly fitted up with furnaces and costly 
apparatus, was absolutely necessary for the pursuit of 
experimental chemistry. This is by no means the case. 
The great improvements that have been made in the 


* Davy’s Elements of Chemical Philosophy, p. 54. 
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instruments of research, as well as in the art of expe. 
riment, have superseded this necessity. And although 
a laboratory is essential for carrying on, in the way of 
trade, those operations which furnish the chemical arti- 
cles employed in the arts and manufactures, and in the 
materia medica, the philosophical chemist, whose ope- 
rations afford products chiefly of value for the phenomena 
which they present, or the results which they exhibit, 
naturally endeavours to perform his processes on as 
small a scale as possible; for the same properties which 
characterise minute portions of matter, are also found in 
a whole mountain of the same substance. Indeed, expe- 
riments of research may always be performed with more 
facility on a small, than on a large scale; and a great 
deal of expense is saved. And in addition te this, we 
may apply powerful agents, and the most expensive 
materials, which cannot be adapted to large quantities 
of substances. Thus, were it not for the effect of the 
electrical machine, the galvanic battery, and the blow- 
pipe, upon minute portions of matter, a vast number of 
important facts, which have changed the face of chemistry 
within our time, would have remained undiscovered. 
It was by operating upon grains of matter that the 
nature of the diamond was established ; that four new 
metals were detected in the ore of platina; that the 
composition of the stones which fall from the clouds has 
been determined ; that the metallic basis of the alcalies 
has been brought to light ; and that the identity of the 
electric agency, whether excited by the common machine, 
or by the pile of Volta, has been demonstrated. There 
is, besides, a neatness gained by operating in the closet, 
which is incompatible with processes carried on upon a 
large scale, amongst the furnaces of the ‘regular labo- 
ratory. 
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in all miniature processes we are enabled to observe 
the gradual changes which bodies suffer during their 
chemical action; it is in our power to urge or to retard 
the operations, and to ascertain each step of the experi- 
ment from beginning to end. These advantages can be 
valued only by those who know that the most attentive 
chemist frequently meets with accidents, by which both 
the vessel and products of the operations are lost, because 
he has not the power to ascertain the nature of the results 
as occasion may require. It is thus also that, among 
the furnaces of the laboratory numerous appearances 
pass away unnoticed, which are readily observed when 
the same operation is performed in the closet under the 
immediate eye of the experimenter. Besides, most of 
those investigations which, in the large way, require 
several days’ labour, can, on a small scale, be finished in 
afew hours. The heat of the most violent furnace may 
instantly be produced by a stream of air, passing from 
a blowpipe through the flame of a candle or spirit lamp. 
And by means of a portable furnace, the oxy -hydrogen 
blowpipe, and the table lamp apparatus, a vast number 
of chemical operations may be performed, which formerly 
would have required a series of complex furnaces. 

The lamp furnace alone is sufficient for almost every 
one of the operations of chemistry in the small way, 
which require a temperature not exceeding a dull red 
heat. The processes of digestion, sublimation, the solu- 
tion of earthy and metallic bodies, the concentration of 
liquids, all the multifarious processes of distillation by 
the sand-bath, and by the naked fire, the production of 
gases with the pneumatic apparatus, and even the fusion 
of earthy minerals with alcalies for analysis, may com- 
modiously be accomplished, at a trifling expense, in the 
closet, with the help of this instrument. Besides, the 
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heat produced by the lamp-furnace has the capital 
advantage of being easily regulated, it may at pleasure 
be suppressed instantly, or maintained for several hours 
at a constant and determinate intensity ; and all chemists 
are acquainted with the extended use of the portable 
universal furnace; by means of it we are enabled to 
perform with ease, in the closet, all those processes 
which demand the application of an intense heat. 

I shall now proceed to give a sketch of a well-fur- 
nished laboratory, for carrying on a general course of 
chemical experiments. 

The pursuits of philosophical chemistry may be car- 
ried on in a common apartment, either on, or above, the 
ground floor. A room well lighted and ventilated, and 
having a common fire-place, may be made to answer 
exceedingly well. A laboratory on the ground floor is 
thought by many most convenient, for the sake of water, 
pounding, and washing; it certainly has these advan- 
tages, but it is also subject to great inconveniences, 
as constant moisture, though not very considerable and 
sensible, in many respects is a very great inconvenience 
ina chemical laboratory. In such a place, most salts 
and saline substances become moist in time, the gummed 
paper labels of bottles fall off, the bellows and many other 
articles rot and become mildewed, the scale-beams and 
metals rust, and every thing almost spoils; a room above 
the ground floor is therefore preferable. The only ad- 
vantage that can be derived from a ground floor is, the 
convenience of being easily supplied with water ; but 
this is not at all counterbalanced by the inconvenience of 
dampness. A laboratory, therefore, is more advantage- 
ously situated above than below the ground, that it may 
be as dry as possible. Let there be placed in the middle 
of the room a heavy table, or kitchen dresser, with 
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drawers below. This table may serve as the common 
place for operating with the lamp-furnace, for making 
preparations for processes, and in fact for all processes 
which do not require the intense heat of a furnace, or a 
forge-hearth. 

In the drawers may be kept blowpipes and their 
appendages; thermometers; glass, silver, and platina 
evaporating basons; and alembics; porcelain, earthen- 
ware, and other tubes; platina, silver, and glass rods 
and spatulas; eudiometers; gas bottles; hydrostatic 
funnels; weights; cubic inch measures; small crucibles ; 
stop-cocks; filtering paper; vials; corks; bladders; 
leather; packthread, &c. 

The sides of the room may be fitted up with shelves, 
and one or more nests of drawers, such as are seen in 
apothecaries’ shops; a cupboard with shelves will also 
be found extremely useful.. The shelves round the room 
may serve to support glass, earthenware, and other 
vessels; the nests of drawers and cupboard are useful 
to preserve the products of the operations and other 
dry articles. In one corner of the room, if it can 
conveniently be done, a common stone sink should be 
put up, with a reservoir containing an abundance of 
water. 

As the vessels are always cleaned in the sink, bottle 
brushes, wires, sticks of whalebone, sponges, towels, 
and a rack for draining vials, ought to be near it. In 
another corner may be placed a heavy solid block of 
‘wood, to serve as a support for mortars when pounding 
hard substances, and in which also an iron anvil may be 
stuck occasionally. Near this place should be hung, 
upon hooks, sieves oi different textures, rasps, files, 
hammers, shears, pincers, scissars, &c. The fire-place of 
the room should be made as wide as possible, to receive 
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the portable furnaces, or a forge-hearth. Indeed, if 
it can be done, the opening of the chimney should 
extend from one wall to another; and it should be so 
high, that a person may easily stand under it. 

The rest of the space of the chimney ought to be 
fitted up with one or more stands of different heights, 
on which small portable furnaces and other apparatus 
may occasionally be placed. Under the chimney, at a 
convenient height, should be a row of iron hooks, driven 
into the back and sides of the wall, upon which are to 
be hung hand-bellows, shovels, crucible and fire tongs, 
pokers, ladles, ingots, and other utensils for managing 
the vessels to be used with the furnaces, and for 
disposing the fire. 

A book-case with glazed doors, to hold the nicer 
apparatus, such as balances, &c. and a few choice books, 
will likewise be highly convenient. Ef more than one 
room can be adapted for the purposes of a laboratory, it 
will be more advantageous to have one apartment on the 
ground floor and another in the upper story of the house. 
The first should be appropriated for the furnaces, and 
the performance of those processes which occasion smoke 
or corrosive vapours; for sifting, pounding, evaporating 
and other processes which make dust or fumes; and in 
the upper room the nicer operations, and‘ those which 
require the mere heat of a lamp, should be performed. 
This arrangement being made, the following articles 
should be procured :— 


ere eee 


Last of Instruments and Utensils, requisite for carrying 
on a general Course of Chemical Experiments. 


An universal furnace, with sand-bath, muffle and various 
kinds of crucibles and fire tongs. 

One or two table lamp furnaces. 

One flat chemical lamp, and one spirit lamp. 

One oxy-hydrogen blowpipe, and a common blow-pipe, 
with lamp, platina jets, spoon, forceps, and platina foil. 

Chemical thermometers in sorts and sizes. 

One or two pneumatic troughs, with an assortment of 
bell-glasses, cylindrical receivers, and deflagerating 
jars in sizes, plain and graduated. 

One or two detonating tubes. 

Bell-glasses, mounted with stop-cocks, bladders, &c. 

An assortment of glass retorts with long necks for pro- 
curing gases. 

One or two eudiometers, and small graduated glass 
tubes. 

A series of graduated cylindrical jars, divided into cubic 
inches and decimal parts. 

Various sized gas bottles, plain and tubulated, 

Two cast iron retorts with conducting tubes. 

Three or four large bladders, mounted with stop-cocks. 

One or two air-holders. 

An apparatus for impregnating fluids with gases. 

A pneumatic mercurial trough, and a sufficient quantity 
of mercury. 

One or two nests of cylindrical air-jars, adapted for the 
mercurial trough, plain and graduated. 

A gazometer. 

An assortment of glass and earthenware retorts, plain 
and tubulated, with corresponding glass receivers, 
also tubulated, plain, and quilled. 


Instruments and Utensils. 9 


One or two balloon receivers. 

A small copper still and refrigeratory. 

One large and one small glass alembic, and one of pure 
silver, with glass capital. 

An assortment of earthenware and black lead crucibles, 
round, triangular, and skittle-shaped, with corres- 
ponding stands and covers for ditto. 

A specific gravity bottle. 

A cubic inch bottle. 

_ A steam bath, for drying precipitates. 

One pair of delicate scales, and corresponding weights. 

Two pair of common hand scales, and piles of weights 
for ditto. 

A galvanic battery, with apparatus, for the decomposi- 
tion of water, &c. 

An assortment of glass, porcelain, earthen and stone 
ware funnels, plain and ribbed. 

_ Three or four glass funnels, with long necks, for charg- 

ng retorts. 

Glass jars, in sizes, plain and with lips, for decanting 
or precipitating fluids. | 

fron standards, with sliding rings for supporting retorts, 
flasks, basons, and other vessels. 

A filtering stand. 

Two or three filtering frames. 

A series of test tubes and stand. 

Earthenware basons, with spouts, in sizes. 

An assortment of flasks, assay jars, matrasses, and bolt- 
heads. 

Two or three hand-mortars of porcelain biscuit. 

One or two iron hand mortars, in sizes. 

A series of graduated glass measures, from 2 0z. to one 
pint capacity. 

Florence flasks, and stands for ditto. 

Various sized iron boilers and pans. 
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Kitchen tea kettles, and cast-iron boilers. 

Pots, and saucepans, of tinned iron. 

Stoneware pipkins in sorts and sizes. 

Adopters of glass and earthenware. 

Steel spatulas in sizes. 

Small silver and platina spatulas. 

Flattened platina and silver wire. 

Glass and enamel rods, for stirring acid and corrosive 
mixtures. 

Capillary tubes, and glass rods in sizes. 

Metal and glass syphons, in sizes. 

A vice fixed into a heavy block. 

A steel anvil and a small table anvil. 

Hammers in sizes. 

Flat, round, triangular, and rat-tailed files. 

Ingots and casting cones. 

Pincers, shears, scissars, and nippers. 

Tron ladles. . 

Glass, silver, and earthenware spoons. 

Sockets and joints, for connecting stop-cocks, &e. 

Tubes of safety. 

Hydrostatic funnels, for pouring liquids into air-tight 
vessels. 

Circular pieces of metal, and plates of glass for cover- 
ing deflagerating jars, &e. 

Copper deflagerating ladles. 

A writing diamond. 

A mask, to defend the eyes against accidents in chemical 
operations. 

Decanter and finger glasses, with lips, such as are used 
at table. 

Wine, ale, and beer glasses. 

Earthenware basons, tea-cups, and saucers. 

Wide and narrow mouth vials and bottles of all sizes, 
plain and ground stoppered. 
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One or two small carboys, protected by a basket of 
wicker work. 

Stoneware and glass jars, with tin covers. 

Harthenware plates. 

Hair, lawn, silk, and wire sieves. 

Flannel, linen, and cotton strainers. 

Tiles, slates, stone, and marble slabs. 

Earthenware and porcelain tubes. 

Gun-barrels and wrought-iron tubes. 

Gold, silver, platina, copper, and iron wire. 

Charcoal paste, for lining crucibles. 


To perform more extensive and specific researches, 
the following articles should be ready at hand :— 


A barometer. 

An electrical machine and Leyden bottle. 

A double-barrelled table air-pump. 

A hydrostatic balance, or Nicholson’s hydrometer. 
A burning lens. ys 

A mercurial gazometer. 

A portable forge. 

Blowpipe table, with doubleabellows. 

A freezing apparatus. 

Wollaston’s reflective goniometer. 

A mineralogical electrometer. 

A magnetic needle and deep magnifier. 

Flasks and globes, for weighing gases. 

Lavoisier’s calorimeter. 

' Leslie’s differential thermometer. 

Metal reflectors. 

An agate and steel mortar. 

An apparatus for decomposing the alcalies. 

A compound distillatory apparatus. 

A very delicate balance, and corresponding weights. 


List of Chemical Re-agents or Tests. 


Besides the before-named articles, a variety of other 
substances are necessary in chemical pursuits; which 
may be considered as instruments requisite for the prac- 
tice of the science. These substances, which should 
be always ready at hand, are chemical re-agents or 
tests; they are employed in the practice of chemistry 
to ascertain the composition of other substances, upon 
which they quickly act, and produce, with them, changes 
sufficiently striking to the senses, from which the nature 
or quality of the unknown body may readily be inferred. 
The best chemists, at all times, have considered the 
study of these agents of infinite service to the successful 
practice of the science; because the phenomena which 
they produce form an assemblage of facts which have 
singularly added to the progress of chemical philosophy. 
Their practical application demands no skill nor effort 
of mind; they form the compass by which the chemist 
steers; and it may be affirmed, that he who is intimately 
acquainted with the general action of chemical tests, 
knows all that the science has to offer. To this may be 
added, that many useful discoveries may be made by 
the mere help of tests; because a general knowledge 
of the composition of bodies is sufficient to direct the 
application of the substances of nature to useful purposes 
in the affairs of life.* 

The most essential tests are the following. 


* A Practical Treatise on the Use and Application of Chemical 
Tests, illustrated by Experiments, with copper plates. Third Edition, 
1818. 
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Tests. 


Red-cabbage tincture, 
Litmus tincture, 
Turmeric tincture, 
Brazil wood tincture, 
Tincture of galls, 
Papers stained with these 
tinctures, 
Alcohol, } 
Arsenious acid, 
Acetate of barytes, 
Sulphate of silver, 
Barytic water, 
Hidro-sulphuret of lime, 
Lime water, 
Acetate of lead, 
Muriate of bismuth, 
Muriate of barytes, 
Muriate of gold, 
Acetate of silver, 
Benzoat of ammonia, 
Tincture of galls, 
Liquid ammonia, 
Solution of starch, 
Carbonate of ammonia, 
Sulphate of soda, 


Muriate of tin, 
Muriate of lime, 
Muriate of platina, 
Nitrate of lead, 
Nitrate of barytes, 
Nitrate of silver, 
Oxalic acid, 
Oxalate of ammonia, 
Potassium, 
Prussiate of potash, 
Prussiate of lime, 
Prussiate of mercury, 
Solution of soap in alcohol, 
Sulphate of silver, 
Succinate of soda, 
Polished plates of copper, 
iron, and zine, 
Sulphate of iron, 
Strontia water. 
Tartareous acid, 
Nitrate of mercury, 
Phosphate of soda, 
Tan, 
Nitrate of cobalt, 
Iodine. 


Fluxes for the Blowpipe. 


Vitrified borax, 

Vitrified phosphoric acid, 
Dried phosphate of soda, 
Dried carbonate of soda, 


White flux, 
Black flux, 
Crude flux, 
Powdered green glass. 


Chemical Re- Agents or Tests. 


Salis, Saline Compounds, &c. 


Carbonate of ammonia, 
Carbonate of barytes, na- 
tive, 
Carbonate of potash, 
Carbonate of soda, 
Carbonate ofstrontia native 
Muriate of ammonia, 
Muriate of lime, 
Muriate of strontia, 
Nitrate of ammonia, 
Nitrate of barytes, 


Nitrate of copper, 
Nitrate of lead, 

Nitrate of potash, 
Nitrate of mercury, 
Nitrate of strontia, 
Oxy-muriate of potash, 
Sulphate of iron, 


Sulphate of potash, 


Sulphate of magnesia, 
Sub-carbonate of magnesia 
Sulphate of alumine. 


Oxides. 


Oxide of manganese, 
Red oxide of lead, 
Red oxide of mercury, 


Black and red oxide of iron, 
Brown oxide of copper, 
White oxide of tin. 


Sulphurets. 


Sulphuret of iron, 
Sulphuret of ammonia, 


Sulphuret of lime, 
Sulphuret of potash. 


Acids. 


Sulphuric acid, 
Nitric acid, 
Nitrous acid, 
Muriatic acid, 


Oxy-muriatic acid, and 

Mixtures of these acids and 
water in two or three dif- 
ferent known proportions 


Earths. 
Silex, Barytes, 
Alumine, Strontia, 
Lime. 


Magnesia, — 
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Alcalies. 


Potash, soda, and solutions of these alcalies in water 
in different known proportions. 


Metals. 


Gold leaf, 

Tin foil and filings, — 
Quicksilver, 
Bismuth, 


Iron filings, turnings, and Silver leaf, 
wire, 

Copper and copper clip- 
pings, 

Granulated zinc, 

Lead foil, 


Antimony. 


Miscellaneous Articles. 


White marble, 

Phosphorus, 

Sulphuric ether, 

Sulphur, 

Naptha, 

Oil of turpentine, 

Boiled lint-seed oil, 

Spirit varnish, 

Plaster of Paris, 

Windsor loam, 

Stourbridge clay, 

Lint-seed meal, 

Common lute, for closing 
glass vessels, in prepa- 
ring all common distilled 
liquors, which are not 
corrosive. 

Lute for confining acid and 
corrosive vapours, 


Fire lutes for coating glass 
and earthenware retorts, 

Cement for stopping cracks 
in iron vessels intended 
to bear ared heat, 

Varnish for closely fitting 
bladders and bags to 
stop-cocks, and for ren- 
dering the joinings of 
small glass apparatus 
air-tight, 

Fire lute to join the covers 
of crucibles, so as to 
keep them air-tight, at a 
strong heat, 

Resinous cement for fixing 
tubes, &c. into glass ves- 
sels, to be air and water 
tight. 


16 Chemical Specimens. 


In every well furnished laboratory there should also be 
ready at hand, specimens of the most important metals, 
salts, oxides, and other substances not enumerated in 
this list. They may serve as articles of reference for 
private study, and other occasional purposes; and are 
worth preserving even as a matter of curiosity. 

A person provided with such an assortment of 
instruments and substances, may at once perform any 
chemical experiment. He may perhaps occasionally be 
in want of a few articles of commerce, not mentioned 
in this list; but these may be easily procured in any 
situation. 


Heat and Fuel. 


The rays of the sun are used chiefly in the drying of 
vegetable substances; and the only attentions necessary, 
are, to expose as large a surface as possible, and to turn 
the substances to be dried frequently, that every part 
may be dried alike. They are also sometimes used for 
promoting spontaneous evaporation. 

Alcohol, oil, tallow, wood, and turf, are occasionally 
employed in the laboratory. 

Alcohol, oil, and melted tallow, can only be burnt 
on porous wicks, which draw up a portion of the fluid 
to be volatilized and inflamed. These inflammables are 
therefore burnt in lamps of various constructions. But 
although commonly used to produce light, they afford 
an uniform, but not high temperature ; this may how- 
ever be increased, by increasing the number and size of 
the wicks. Alcohol produces a steady heat, no soot, 
and, if strong, leaves no residuum. Oil gives a higher 
temperature, but on a common wick produces much 
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smoke and soot; these are diminished, and the light 
and heat increased, by making the surface of the flame 
bear a large proportion to the centre ; which is best 
done by a cylindrical wick, so contrived that the air has 
free access both to the outside and inside of the cylinder, 
as in the Argand lamp. In this way, oil may be made 
to produce a considerable temperature, of great unifor- 
mity, and without the inconvenience of smoke. 

Wicks have the inconvenience of being charred by 
the high temperature to which they are subjected, and 
becoming so clogged as to prevent the fluid from rising 
in them. ‘They must then be trimmed ; but this is sel- 
domer necessary with the fine oils than with the coarse. 

Wood, turf, coal, charcoal, and coke, are burnt in 
portable and fixed furnaces. Wood has the advantage 
of kinding readily, but affords a very unsteady tempe- 
rature, it is inconvenient from its flame, smoke, and 
soot, and requires much attention. The heavy and 
dense woods give the greatest heat, burn longest, and 
leave a dense charcoal. 

Dry turf gives a steady heat, and does not require 
so much attention as wood; but it consumes fast, its 
smoke is copious and penetrating, and the empyreumatie 
smell which it imparts to every thing it comes in contact 
with, adheres to them with great obstinacy. The heavy 
turf of marshes is preferable to the light surface turf. 

Coal produces most heat, but produces also much 
flame and smoke. 

Charcoal, especially of the dense woods, is a very 
convenient and excellent fuel. It burns without flame 
or smoke, and gives a strong, uniform, and permanent 
heat, which may be easily regulated, especially when it 
is not in too large pieces, and is a little damp. But it 
is costly, and burns quickly. 
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Coke, or charred coal, possesses similar properties 
with charcoal; it is less easily kindled, but is capable of 
producing a higher temperature, and burns more slowly. 
The best fuel, for general purposes of the laboratory, is 
coke and charcoal mixed together ; two or three parts of 
the former to one of the latter, broken into pieces of the 
size of anegg. The light porous coke, produced in the 
gas light process, by means of flat horizontal retorts 
makes a more easily manageable fire, than the dense 
heavy compact coke used by the smiths, and which is 
prepared either in the open air, or by means of the 
cylindrical retorts in the gas light process. The former 
is more readily kindled, it requires a less draught of air, 
and the fire is more easily managed. 

For experiments in the small way, spirit of wine is 
upon the whole the neatest and most convenient fuel ; 
and hence the spirit lamp may be employed for most 
operations of chemistry as a very convenient mode of 
applying heat. 


Lutes. 


Lutes also form a necessary part of chemical appa- 
ratus. They are compositions of various substances, 
intended, 1, to close the joinings of apparatus; 2, to 
coat glass and other vessels; 3, to line furnaces, cruci- 
bles, &c. | 

Lutes of the first description are commonly employed 
to confine elastic vapours. They should therefore pos- 
sess the following properties; 1, compactness; 2, the 
capability of resisting acid vapours; 3, the power of 
resisting a certain intensity of heat; and 4, facility of 
removal after the operation. 
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Viscid substances, as flour, starch, and gum, possess 
the first and last properties in a sufficient degree; they 
are therefore employed when the heat is moderate, and 
the vapour not corrosive. They are mixed with water, 
and spread upon slips of paper or linen, which are 
wrapped round the joinings of the vessels, and if neces- 
sary, secured with packthread. 

Slips of bladder macerated in water, and applied 
with the inside next the vessels, are employed in the 
same circumstances; but from their great contraction 
on drying, they are apt to break weak vessels. 

A paste, formed of almond or linseed meal and water, 
or mucilage, forms a very close and plastic lute, which 
is easily removed. 

Quick-lime, reduced to powder, and well incorporated 
with a sixth part of muriate of soda, or with white of 
egg diluted with water, applied on slips of linen, dries 
easily, and becomes very hard. It is used for the 
distillation of the concentrated acids; and for that pur- 
pose burnt gypsum and water also answers very well. 
But these lutes must be used as soon as they are 
prepared, as they harden very quickly. 

Chalk and oil, or glazier’s putty, is a very compact 
lute. It becomes so hard as not to be easily removed. 
It is principally used for luting tubes into vessels for 
pneumatic purposes. 

A paste of powdered tobacco pipe-clay and drying 
oil, or, what is still better, amber varnish, is very close, 
adhesive, and plastic, and is easily removed; but as it 
softens with heat, it must be secured by slips of linen 
or thread, and will not adhere to the vessels unless they 
are perfectly dry. 

The same clay beat up with as much sand as it will 
bear, without loosing its tenacity, with the addition of 
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cut tow, and a sufficient quantity of water, furnishes a 
very good lute, which has the advantage of resisting a 
considerable heat, and is applicable where the fat lute 
would be melted or destroyed. 

Clay and sand, in the proportion of one to four, form 
an excellent lute, capable of resisting very high tempe- 
ratures, and the greatest number of corrosive substances. 

Kight parts of yellow wax melted with one of oil of 
turpentine, with or without the addition of some resinous 
substances, according to the degree of pliability and 
consistence required, form a very close and compatt . 
lute, through which the subtile corrosive vapours will 
not escape. But it is softened and liquified by heat, 
and therefore it cannot be used for purposes where 
high temperatures are required. 

The lute employed for the coating of glass vessels, 
with the intention of making them stronger and capable 
of resisting violent heats, without softening, consists of 
four parts of sand and one of clay, made into a very thin 
mass, and applied in successive layers, taking care that 
each coat be perfectly dry before another be laid on. 

In every instance where a lute is applied it is abso- 
lutely necessary to allow it to dry before the process is 
began; and even the fat lute, by the exposure to the air 
during a few days after its application, is much improved 
in its quality. Lutes composed of clay and sand are 
perfectly useless, except they be permitted to dry. In 
applying a lute, the part immediately over the junction 
of the vessel should swell outwards, and its diameter 
should be gradually diminished at each side. 

The junctures of vessels which are to be luted to 
each other must previously be accurately and firmly fit- 
ted by introducing between them, when necessary, short 
bits of wood or cork, or if the disproportion be very 
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great, by means of a cork fitted to the one vessel, having 
a circular hole bored through it, through which the neck 
of the other vessel or tube passes. 

After being thus fitted, the lute is rolled and worked 
between the fingers till it be softened, and is then formed 
into small cylinders, which are successively applied to 
the junctures, taking care that each piece be made to 
adhere firmly and perfectly close in every part before 
another is put on. Lastly, the whole is secured by 
slips of linen or bladder. 

In many cases to permit the escape of elastic vapours, 
a small hole is made through the lute with a pin, or the 
lute is perforated by a small quill fitted with a stopper. 
This, however, is seldom necessary. 


General Observations on the Method of conducting 
Chemical Experiments. 


As chemistry is an experimental science it must 
be obvious to every one, that the knowledge of its 
facts is founded on practical research. And hence we 
cannot hope to pursue the study of chemistry with 
advantage, without performing such processes as verify 
most of the capital generalities of the science, and also 
such as reasoning, analogy, and a laudable desire of 
experimenting, never fail to suggest to those whose 
taste and talents lead them that way. In the most 
common operations of experimental chemistry, a vast 
number of small facts occur, not mentioned in books, 
but which are essential to be known, for if they were 
described as often as they present themselves in prac- 
tice, a great loss of time would follow. They are too 
numerous and too minute, and no advantage would be 
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gained in perspicuity; and the knowledge of these 
particulars can only be aequired by practice, and not 
from books or other means—the chemist teaches him- 
self !—Ipse sihi tradit spectator. 


EET 


To give success to operative research, the following 
general advice of Macquer and Dr. William Henry, is 
truly valuable :—In the performance of chemical expe- 
riments great attention is necessary to neatness and 
order. Let every jar or bottle of the laboratory have a 
label affixed to it, expressing the substance it may con- 
tain, except in cases where the nature of the contents 
is evident from mere inspection. Let the date and 
object of the experiment be regularly entered into a 
book kept for that purpose; such a proceeding will 
enable the operator to form a habit of accurate observa- 
tion, and will tend also to facilitate the acquirement 
of the art of describing chemical phenomena, with pre- 
cision, to do which, with selection and facility, is far 
from being an universal talent. 

Method, attention, order, and cleanliness are essen- 
tially necessary in chemical pursuits. Hvery vessel and 
utensil ought to be well cleansed as often as it is used, 
‘and when no longer required, put again in its proper 
place. ‘These cares, which seem to be trifling, are 
certainly very fatiguing and tedious, but they are very 
important, though frequently little observed. 

Let the operator not engage in many different 
experiments at once, the consequences of which are that 
_the attention is distracted, and many interesting ap- 
pearances pass unnoticed. 

When a person is keenly engaged, aepeiend suc- 
ceed each other quickly; some seem nearly to, decide 
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the matter, and others suggest new ideas; he cannot 
but proceed to them immediately, and he is led from one 
to another; he thinks he shall easily know again the 
products of the first experiment, and therefore he does 
not take time to put them in order; he prosecutes with 
eagerness the experiments he has last thought of, and 
in the mean time the vessels employed, the glasses and 
bottles filled, so accumulate, that he cannot any longer 
distinguish them, or at least he is uncertain concerning 
many of his former pursuits. This evil is increased if 
a new series of operations succeed and occupy all the 
laboratory ; or if he be obliged to quit it for some time, 
every thing then goes into confusion. Hence it fre- 
quently happens, that he loses the fruits of much labour, 
and that he must throw awayalmost all the products of 
his experiments. 

The only method of avoiding these inconveniences 
is to employ the cares and attentions above mentioned. 
It is indeed disagreeable to stop continually in the 
middle of the most interesting researches, and to employ 
time that appears very precious and considerable, in 
cleaning vessels, arranging them, fastening labels on 
them, &c. Tiiese employments are capable of cooling 
or retarding the progress of genius, and are tedious and 
disgustful; but they are nevertheless necessary. Those 
persons, whose fortune enables them to have an assistant 
operator, on whose exactness and intelligence they can 
depend, avoid many of such disagreeable circumstances ; 
but they ought nevertheless to attend to the execution 
of these things. We cannot depend too much on our- 
selves in these matters, however minute, on account of 
their consequences. This becomes even indispensable 
when the experiments are to be kept secret, at least for 
atime; which is often necessary in chemical pursuits. 
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When new researches and inquiries are made, the 
mixtures, results, and products of all the operations 
ought to be kept along while, distinctly labelled and 
registered ; for these things, when kept some time, fre- 
quently present phenomena, that were not at all sus- 
pected. Many fine discoveries in chemistry have been 
made in this manner; and many have certainly been lost 
by throwing away too hastily or neglecting the products. 

It cannot be too much recommended to chemical 
operators, to be exceedingly upon their guard against 
imposing and deceitful experiments, which sometimes 
present themselves in practice. A circumstance seem- 
ingly unimportant, or not easily perceptible, is frequently 
sufficient to give the appearance of a great discovery, 
by means of certain effects, which, nevertheless, are 
found to proceed from some other cause. This is a 
common error which is often committed by those who 
have hastily studied the science. Chemical experiments 
depend on so many accessary things, that all of them 
can seldom be attended to, particularly when the subject 
is new: hence we frequently find that very different 
results proceed from the same experiments, and at diffe- 
rent times. We therefore must not decide after the first 
success ; but the experiment must be repeated several 
times, and even varied, till no doubt can remain. In 
all conclusions deduced from experiments, the utmost 
caution and the strictest self inquiry ought therefore to 
be practised. Impelled by vanity and a blameable ambi- 
tion of invention and discovery, many persuade them- 
selves of having observed facts such as besides them- 
selves nobody divested of prejudice is able to perceive. 
Every fact must be compared with the most scrupulous 
accuracy, and not a-single or solitary result alone ; but 
the whole, and other results produced under a variety of 
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circumstances arranged on purpose, should be considered 
before a conclusion is advanced. 

Since chemistry offers views for the improvement of 
the arts; as it presents prospects of many useful and 
profitable discoveries ; those who apply their labours in 
this way ought to be exceedingly circumspect, not to be 
led into an useless expence of money and time. The 
folly and subsequent distress of pursuing experiments 
in chemistry, for the sole purpose of commercial advan- 
tage, by the chemical philosophers, has been repeatedly 
observed both by public writers and in private life. For 
although it is admitted, that speculation and discovery 
belongs to the province of the man of science, although 
his ardour in the pursuit of truth may be unremitted ; yet 
his intellectual habits and situation in society are seldom 
such as may be calculated to produce beneficial advan- 
tages. Detached as he usually is from the ordinary 
pursuits of society, little, if at all, accustomed to 
contemplate the scheme of traffic, of profit and loss, he 
can seldom descend from the sublime contemplations 
which escape the vulgar mind, and enter into the com- 
plex system of trade, of weight, measure, price, quality, 
barter or exchange, with innumerable other circumstances 
and arrangements, which must be known, in all its bear- 
ings, before a chance of success can be gained. Does 
he know them? will he become a tradesman or manufac- 
turer? or can he expect advantages and profit if he do 
not’ are his resources and his power equal to his task >— 
surely they are not. The practical advantages, the sti- 
mulus of interest, the capital of the manufacturer, are 
usually wanting under such circumstances. 


By these reflections we do not intend to divert from 
all such researches those whose taste and talents render 
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them fit for them; on the contrary, we acknowledge. 
that the improvement of the arts, and the discovery 
of new objects of manufacture and commerce, are un- 
doubtedly the finest and most interesting part of che- 
mistry, and which make that science truly valuable; for 
without these ends what would chemistry be but a sci- 
ence purely theoretical, and capable of employing only 
some abstract and speculative minds, but useless to 
society. Indeed we acknowledge also, that the successes 
in this kind of chemical inquiry are not rare; and that 
their authors have sometimes acquired fortunes, so much 
the more honourable as being the fruits of their talents 
and industry. But we repeat, that, in these researches, 
the more dazzling, the more valuable and near any 
success appears, the more circumspection, and even 
distrust, is necessary. Chemistry is full of.imposing 
processes, which serve only to flatter the imagination 
and deceive the unwary, and which lead to expense 
before their fallacy is discovered. 


CHEMICAL 


APPARATUS AND INSTRUMENTS. 


ACID HOLDER, fig. 38. plate I.—This name is 
given to a glass bottle a, furnished with a glass stop-cock, 
fitted air tight by grinding into the tubulure of a retort, 
or other vessel. Its use is to convey a liquid into a 
retort or apparatus, to which it has been previously 
adapted, without admitting the external air into the 
vessel, or suffering the gas within to escape out of 
the vessel. It is either plain or tubulated. Fig. 29, 
plate I. a is a tubulated acid holder fitted to a common 
gas bottle ). This contrivance is very useful for procu- 
ring gases, without the possibility of their escaping into 
the room during the process, a circumstance which is of 
considerable importance, when the gas has an unpleasant 
smell or deleterious properties. Suppose that sulphu- 
retted hydrogen gas is to be obtained from sulphuret of 
iron and diluted sulphuric acid; the sulphuret of iron, 
in coarse powder, is put into the body of the gas bottle 
fig. 29. plate 1. with a proper quantity of water. The 
acid holder, a, is filled with the diluted acid, the cock c 
being shut, and is then fixed into the tubulure of the 
gas bottle, to which it is accurately adapted by grinding. 
The bent tube d being made to terminate under a 
receiver filled with and inverted in water, the perforated 
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cock is gradually opened, in consequence of which the 
acid descends into the gas bottle }, and acts on the 
sulphuret of iron. If it be found necessary to renew 
the acid, without disturbing the apparatus, this may be 
done as follows. The cock being shut, the stopper, 
which closes the tubulated acid holder, may be removed, 
and fresh acid poured in, through the aperture. This 
may be repeated as often as is found necessary. The 
acid holder may also be advantageously adapted to a 
retort, see fig. 38. plate I. for certain distillations, such 
as that of muriatic acid, &c. 

If the acid holder, is not tubulated, fig. 38, plate I. 
the flow of the acid cannot be regulated at pleasure, on 
account of the contents of the bottle a having no commu- 
nication with the external air. ‘This inconvenience is 
remedied in fig 29, plate I. where by loosening the stop- 
per the liquid flows freely from the bottle. 

The size of the acid holder is usually from six to ten 


cubic inches capacity. 


ADOPTER, fig. 8, plate I—A spindle shaped, or 
sometimes conical, tube, commonly made of earthenware 
or glass. The adopter, is used for elongating the neck of 
a retort, in order to facilitate in the process of distillation 
the condensation of the vapours, by removing the re- 
ceiver farther away from the source of heat; the wider 
extremity a, a, of the adopter is slipped over the neck 
of the retort, whilst the narrow end is inserted into the 
mouth of the receiver. The extremity of the adopter 
is made sometimes curved, as shown fig. 6. plate IX. 
Fig. 9, plate XII. shows the application of an adopter ; 
ais the adopter. Fig. 1, plate LX. a, a, a, are spindle 
shaped adopters 
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AIR FUNNEL, (Rean’s), fig. 1. plate XIL— 
zis a funnel with its pipe or tube stopped at b, and 
perforated above and below with two or three small 
holes. Round the tube a is soldered the tube d, left 
open at top. The tube g is made to circumscribe the 
tube d, and is soldered to the funnel 7. 

When water is poured into the funnel, and the cork 
k inserted into a bottle filled with gas, the water 
descends through the tube a till it arrives at the division 
of section J; it then flows through the small holes at c, 
and ascends between the tubes a and hb, flows over the 
top of d, and descends again between the tube d and g, 
till it arrives at e (whence it re-enters the tube through 
an opening above e), and thence into the bottle. As 
the water goes in, the air escapes between the tubes a 
and g¢, through the cock A, into the mouth-piece. The 
lower end of g is made to perforate a cork, which is 
properly attached to it, and which secures it air-tight 
into the neck of a common bottle. 


AIR FURNACE, fig. 13. plate XV.—This furnace 
was invented by Mr. Knight; it is an air furnace with an 
additional chamber, for applying the waste heat to useful 
purposes. a the internal cavity, which is square, for 
containing the fuel and the crucible. 4 the flue passing 
into a hot chamber c; an appendage particularly useful 
for drying luted crucibles, or bringing them to a proper 
temperature for the furnace, for roasting ores, and 
various other purposes. d the flue connecting it with 
the vertical chimney e; which, to produce a strong 
heat, should never be less than thirty or forty feet high. 
f f covers, consisting of twelve-inch Welch tiles, with 
handles. g the stoke hole, through which no more of 
the fire is seen than appears between the grate and the 
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bearing bar A. This space is left for the double purpose 
of raking the fire, and occasionally taking out the bars. 
k the ash pit, which is sunk below the level of the 
ground, and is covered, where it projects at /, by an iron 
grating. 

The best situation for this furnace is an angle of 
the laboratory, the chimney being in the corner, as 
represented in the sketch. By this arrangement, the 
operator is spared the disagreeable necessity of scorching 
his legs, by standing opposite the stoke hole, while the 
back of his legs are exposed to a current of cold air 
rushing to the furnace. 


AIR FURNACE, (Cuevix’s), fig. 10. plate V.— 
The great advantage of this air furnace is, that it 
permits the fuel to descend without the help of stirring. 
The sides of the furnace instead of being perpendicular 
as usual, are in this furnace inverted, so that the hollow 
space is pyramidal. At the bottom the opening is 
thirteen inches square, and at the top but eight. The 
perpendicular height is 17 inches. This form appears 
to unite the following advantages. Ist. A great surface 
is exposed to the air; which, having an easy entrance, 
rushes through the fuel with great rapidity. 2nd. The 
inclined sides act, in Some measures, as reverbera- 
ting surfaces: and 3rd. The fuel falls of itself, and is 
always in close contact with the erucible, placed near 
‘the grate. This is the principal advantage. It is 
inconvenient and dangerous for the crucible to stir the 
fire often to make the fuel fall, and the pyramidal form 
renders this unnecessary. It is also more easy to avoid 
a sudden bend in the chimney by the upper part of the 
furnace advancing as in this construction. qisa grate; 
e and ¢ are two bricks, which can be let in at pleasuse 
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to diminish the capacity; bis another grate, which can 
be placed upon the bricks ¢ and c for smaller purposes; 
d and dare bricks which can be placed upon the grate 
h to diminish the upper capacity, so that in fact we 
have four different sizes in the same furnace. The 
bricks must all be ground down to the slope of the 
furnace and fit in with tolerable accuracy. They are 
totally independent of the pyramidal form, &c. of the 
furnace. 


AIR HOLDER (Warvts’s), fig. 16. plate XI.— 
This is one of the most useful machines of the laboratory. 
It is employed for collecting and preserving large quan- 
tities of gases, or for transferring them into bladders or 
other vessels. The air-holder consists of a «cylindrical 
vessel a, made of sheet iron, japanned within and 
without. In the centre of it is a metal pipe 4, one 
extremity of this pipe descends within half an inch of 
the bottom of the vessel a, or below the projecting tube 
d, and the other extremity passes through the middle of 
the top, or cover, as shown in the design. To charge 
this gas holder with a gaseous fluid, close the small 
projecting tube d, with a cork, and also the opening f. 
Having done this, fill the air-holder completely, by 
pouring water into the tube 4b. This being done, close 
the stop-cocks f, and then withdraw the cork which 
closed the aperture d. It is now ebvious that no water 
can run out till air be introduced to expel it; when it is 
therefore wished to be filled, let the neck of the retort, 
or gas bottle, or other apparatus, from whence the air 
proceeds, be loosely inserted into the orifice of the tube 
d; the gas, as it is disengaged, will dispel the water by 
the same aperture, till the gas holder be completely 
filled with gas. If the orifice of the tube d, be now 
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corked, the gas may be preserved for any length of 
time. ‘To transfer any portion of the gas from the air 
holder, affix a bladder, fig. 15. plate XI. to the stop-cock 
f, and pour water into the opening 4, and the gas will 
arise through the cock f, into the bladder; the bladder is 
mounted with a stop-cock, and connecting piece, to fit 
the stop-cock f of the air holder. 


AIR HOLDER (Cavatio’s), fig. 10, plate XI.— 
_ The vessel a may be a glass jar or bottle; 4, a funnel, 
into which is fastened a bent glass tube c; dis a tube, 
furnished with a stop cock, soldered to the funnel, and 
which with it passes through the cork of the vessel a; 
hb represents a tube of tin, or other material, to one end 
of which a mouth-piece, or bladder, or oiled silk bag, 
may be fastened. | 

- The vessel @ being filled with the required gas, by 
taking out the cork with the funnel, &c. filling the ves- 
sel with water, and inverting it with its opening under 
water. Then, if a tube leading from the apparatus 
whence the gas is produced, be brought under the mouth 
of the vessel, the gas will ascend and displace the water 
till it be full. Whenever it may be necessary to transfer 
any quantity of the gas inte a bottle, bladder, &c. an 
equal quantity of water is to be poured through the 
funnel b, which will displace the gas, and force it 
through the pipe e, when the stop-cock is opened. 

The bent part of the tube c, by always containing 
some water, prevents the gas from escaping through the 
funnel; but when the apparatus is to be set by, both the 
funnel, and stop-cock of the tube, must be closed. 


AIR JAR, figs. 23, 24, plate [V.—Alr jars are called 
such glass receivers, of various kind, as are used in the 


Air Thermometer. oo 


pneumatic trough, for collecting transferring, and pre- 
serving gases, they are either closed and vaulted at top, 
a fig. 16, 18, plate II. ; and figs. 23, 24, plate IV. :—or 
open, fig. 12, plate IX.; and fig. 22, plate 1V.:—or 
furnished with a short wide neck, fig. 21, plate TV.; and 
fig. 7, plate XII. The former are usually called bell 
glasses, the latter are called deflagerating jars. The 
margin of the open necks of deflagerating jars should be 
ground smooth so that when a piece of ground glass or 
metal, or a piece of pasteboard, is pressed upon it, the 
gas may be confined within the jar. 

The chemical operator should be provided with an 
assortment of air jars in sizes. He should have some 
mounted with stop-cocks, a fig. 47, and fig. 50, plate I. 
for transferring gases from the jars into bladders, flasks, 
or other vessels. Others should be graduated into cubic 
inches, or equal parts, fig. 2, plate I. 

When trial is to be made of any kind of air whether 
it be fit for maintaining combustion, the air is put in a 
long narrow glass vessel, whose mouth being carefully 
covered, may be turned upward; a piece of wax candle 
being then fastened to the end of a wire, which is bended 
so that the flame of the candle may be uppermost, when ~ 
introduced into the vessel. See fig. 12, plate TX. and 
fig. 22, plate IV. , 

AIR THERMOMETER, fig. 3, plate IV.—This 
instrument is simply a hollow glass ball a, from + an inch 
to 1‘ inch in diameter, from which a cylindrical tube 4, 
twelve or eighteen inches long, and about ~, of an inch in 
the bore, issues. To use this instrument, a small quan- 
tity of the air of the tube is expelled, by applying heat 
to the ball. ‘The open end is then immersed in quicksil- 
ver or any coloured liquor, and as it cools, a quantity 
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of the fluid rises in the tube b. A scale of equal parts 
is applied to the tube, and the extent of the expansion 
of air in the bulb, by heat, is accurately discovered by 
the descent of the coloured liquor, its condensation by 
cold being marked by its ascent. This instrument has 
the advantage of indicating very minute changes of tem- 
perature, air being so greatly altered in its volume by 
alterations of temperature, and on this account it may 
be occasionally used with advantage for some purposes. 
It is otherwise an inaccurate instrument, liable to vari- 
ations, from changes in the pressure of the atmosphere, 
and inapplicable to the measurement of any extensive 
range of temperature. | 

The expansion of air by the same degrees of heat 
differs according to its density, and to the quantity of 
moisture it contains; nor are the increments of its bulk 
proportional to the degrees of temperature. 


AIR THERMOMETER ror Lieuips, figs. 4 and 
5, plate I[V.—This instrument is intended for the 
purpose of ascertaining the temperature of liquids. It 
consists of a bottle a, partly filled with any coloured 
liquid, and partly with air, a glass tube of small bore, 
open at both ends, being either cemented or hermetically 
sealed in the bottle, so that its lower extremity may 
nearly touch the bottom of the bottle. The expansion 
of the included air, on the application of heat, drives 
the coloured liquid up the tube. 


ALCALI DECOMPOSING APPARATUS, fig. 
3, plate X.—This name has been given to a contri- 
vance for obtaining the alcaline metais, potassium and 
sodium. * It consists of a common gun-barrel curved, 


* Henry's Chemistry, Vol. 1. page 214. 
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and drawn out, at one end, to rather a smaller diameter. 
To one end is adapted an iron tube a, of the capacity of 
two cubic inches, for containing the potash. At the 
bottem of this tube is a small hole, through which the 
potash gradually flows. To the opposite end of the 
gun-barrel a tube of safety e is to be cemented; and 
into this a sufficient quantity either of mercury or naph- 
tha is poured. Into the gun-barrel 23 parts of very clean 
iron turnings are to be introduced, and pushed on to the 
bent part c. The tube, carefully luted, is then to be 
placed in a smail crucible furnace d, nine or ten inches 
in diameter, and provided with a pair of double blast 
bellows, the pipe of which is shewn at f. The next step 
is to insert the tube a in its place, after having put into 
it 1$ parts of pure potash, deprived of as much water 
as possible by previous fusion. The whole apparatus 
should be perfectly dry, clean, and impervious to air. 

A strong heat is now to be excited in the furnace d; 
and while this is doing, the tube containing the potash, 
as well as the opposite end of the barrel, should be kept 
cool by ice. When the barrel has attained a white heat, 
the potash in @ may be melted by a small portable fur- 
nace. It will flow, through the small hole, upon the 
_ iron turnings at c. A considerable quantity of hydrogen 
gas will be evolved by the decomposition of that portion 
‘of water which the potash retains even after fusion. 
When the production of this gas slackens, we may re- 
move the small furnace from beneath the tube a, and 
increase the heat in the furnace d, in order to restore to 
the iron turnings at c the temperature proper for decom- 
posing more potash. These operations may be repeated, 
alternately, till no more gas is produced; but last of all, 
the heat in the furnace should be strongly raised, in 
order to drive off some of the potassium, which strongly 
adheres to the iron turnings. 


pe? 
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When the furnace is quite cold, the safety tube e is 
to be removed, and its place supplied by an iron plug. 
If the end of the gun-barrel, projecting from this side 
of the furnace, has been kept carefully cooled during the 
experiment, the potassium will be found adhering to it, in 
the form of brilliant laminz. In order to extraet it, the 
gun-barrel is to be cut at the commencement of the part 
which has been kept cool, where the greatest quantity 
will be found. Another portion will be found close to 
the plug, and this adheres so slightly to the gun-barrel, 
that the least effort serves to detach it. It is even partly 
oxidized by the air, which gains access during the cool- 
ing of the furnace; and when the whole is covered with 
naphtha, the oxidized part is detached in lamine, expo- 
sing a white brilliant metallic surface. The potassium 
which is condensed nearest the furnace must be de- 
tached by a sharp chissel, and in the largest pieces we 
can possibly break off; for if it be in small molecules, it 
inflames in the air, even at very low temperatures. In 
the middle of the gun-barrel we find an amalgam of 
potassium and iren, which becomes green on exposure to 
the air, the potassium returning to the state of potash. 

When the iron turnings are very clean, the potash 
dry and pure, and the whole apparatus free from 
foreign matters, the metal produced differs very little 
from that obtained by a Voltaic battery. Its lustre, 
ductility, and malleability are similar. Its point of 
fusion and specific gravity, however, is a little higher; 
for it requires nearly 130° Fahrenheit, to render it per- 
fectly fluid, and is to water as 796 to 1000 at 60° Fah- 
renheit. This Sir H. Davy ascribes to a contamination 
with a minute proportion of iron. ‘The affinities, indeed, 
by which the decomposition is produced, he supposes to 
be those of iron for oxygen, of iron for potassium, and 
of potassium for hydrogen. 
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ALEMBIC, Grass, fig. 58, plate I—This is one of 
the numerous apparatus of distillatory vessels. In this 
country the use of the glass alembic is almost superseded 
by the retort and still. As distillation consists in redu- 
cing to vapour such substances as are susceptible oi it, 
in a close apparatus, so contrived that the vapour 
received at a distance from the fire, in cooled vessels, 
is there condensed, in order to assume a liquid form, 
it is obviously essential to every distilling apparatus 
that is should be composed of at least two parts, namely , 
the boiler or vessel ain which the materials are heated ; 
and secondly, the vessel communicating with the former, 
in which the condensation of the steam or vapour com- 
mences. Of all the vessels destined to this use the alem- 
bic is the simplest and most ancient. a@ is the matrass, 
cucurbit, or boiler, into which the materials to be distilled 
are introduced. 4 is the capital or head, in which the 
vapours are condensed ; it fits closely on the top of the 
boiler a. The capital b has its external circumference 
or base depressed lower than its neck; so that the 
vapours which rise, and are condensed against its sides, 
by the contact of the surrounding air, run down into the 
circular channel formed by its depressed part, from 
whence they are conveyed by the beak, or nose e, affixed 
to the glass capital, into the receiver d. 

The captial b is usually tubulated, that is to say, it 
has a small projecting neck c, at the top furnished with 
a ground stopper f, as shewn in the design. This con- 
trivance is convenient for introducing from time to time 
a fresh supply of materials intended to be distilled, with- 
out deranging the apparatus. The capital or head b is 
sometimes made air tight to the matrass by grinding, 
but this method is expensive. It may readily be luted 
to the matrass a, by slips of wetted bladder, or lutes of 
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the usual kind. Fig. 59, plate IL. is a plain (not tubula- 
ted) capital. | 

The throat or neck of the capital of the alembic 
should fit into the neck of the body a and not encompass 
it. If the neck fits into the throat, the condensed fluid - 
lies on the luting of the joint and may become contami- 
nated by it. 

The alembic has this advantage over the common 

retort, that the residues of distillation may be easily 
cleared out of the body a, which is not the case with the 
retort. Itis likewise capable when skilfully managed of 
distilling a much larger quantity of liquid in a given 
time than a retort of equal capacity. Besides this, the 
alembic may be used for causing the vapours of bodies 
to act upon substances in a more convenient manner than 
can be done by means of the retort and receiver; for 
example, to show the action of sulphur upon alcohol: 
to perform this experiment, put pounded sulphur into 
the alembic; see fig. 3, plate VII. suspend within it a 
bottle a containing alcohol; then put om the cover b, and 
adjust to the beak a small mattrass. Lute well the join- 
ings, and heat the apparatus. The sulphur will be sub- 
limated, and the alcohol volatilized. In this state the 
two bodies meet; the alcohol dissolves the sulphur, and 
you will obtain a liquor, slightly coloured, which is 
sulphuretted alcohol. 

The heat is applied to the glass alembic by means of 
asandvath. The alembic is embedded in the sand pre- 
vious to the application of heat. The inferior conducting 
power of the sand does not allow the heat to approach 
the vessel but in that gradual way which will ensure its 
safety from cracking. Seeaa fig. 6, plate VII. For 
experiments in the small way the lamp furnace will 
answer every purpose, provided the bottom of the alem- 
bic is of an uniform thickness. The sliding ring / of 
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the lamp furnace, supporting the alembic, admits of 
being placed at any given distance from the flame, and, 
in addition to this, the lamp c can be adjusted by its 
own rack, which elevates or depresses the cotton wick. 

Glass alembics are usually made from one pint to two 
quarts capacity. The body is sometimes made of ear- 
thenware or metal, and the capital only of glass. A sil- 
ver alembic with a glass capital is useful for the prepa- 
ration of the pure alcalies. 


ALEMBIC, Metattiic.—See Sritt. 


ALUDEL, fig. 13, plate [I1.—The aludels of the 
earlier chemists are a series of pear-shaped pots a, a, a, 
generally made of earthenware, but sometimes of glass, 
open at both ends. Each aludel has a short neck at top 
and bottom, so that a series of them may be fitted toge- 
ther by means of the neck in succession. Aludels were 
formerly used for the purpose of collecting the products 
of sublimations. 

The joinings are made air tight by luting; sometimes 
the narrow extremity of the aludels entered into a 
round top containing the substance to be sublimed, 
whilst the upper aludel receives the sublimate. It was 
in an apparatus of this kind that those crystalline sub- 
limates formerly called flowers, as flowers of sulphur, 
of Benzoe, &c. used to be prepared. This contrivance 
has been discarded, and its place supplied by apparatus 
of more simplicity and greater expedition, because the 
whole quantity of the sublimed product was found to be 
contained in the first aludel series. The head of an 
alembic will serve very well to receive and condense the 
sublimed products; two matrasses, put mouth to mouth, 


fig. 1, plate I. are also occasionally used as subliming 
vessels. 
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ANVIL, fig. 10, plate VIIT.—A small table anvil a 
fixed in a heavy wooden block ). It is convenient for 
breaking the contents of crucibles, in order to separate 
the fluxes or glassy matter, from the metallic or other 
substances adhering to it; also for exploding fulmina- 
ting compounds by the blow of a hammer, &c. 


AREOMETER.—See Gravimeter, Hyprometer. 

AREOMETRICAL BEADS are a series of hol- 
low glass balls, of the size of a large pea, increasing 
and diminishing in their specific gravity from a standard 
fluid (usually water) in a known ratio. When a fiuid is 
to be tried, these balls, which are all numbered, are 
placed successively in the fluid, some of them will sink 
to the bottom of the vessel, and others remain on the 
surface of the fluid; whilst of course that bubble which 
is precisely of the same specific gravity with the fluid, 
will remain in any part of it, without shewing any 
tendency either to ascend or to descend: They are 
used for estimating the strength of spirituous liquors. 


AREOMETRICAL BOTTLE. — See Speciric 
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ASSAY FURNACE, fig. 12, plate XV.—The con- 
struction of this furnace is simple and obvious. Its 
form is square, terminating in a truncated open pyra- 
mid; ¢ ccc, doors with handles, with semicircular 
apertures for inspecting the operation; @ aq, iron bands 
fixed with screws; d, the ash-pit. The fuel is put in 
at top. To the upper part of the furnace is affixed a 
perpendicular sheet iron tube, to serve as a chimney. 
Tt is used for assaying, and enamelling. 
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ATMOMETER, an instrument invented by Leslie, 
designed to measure the quantity of evaporation from 
any humid surface in a given time. 

It consists of a thin ball of porous porcelain biscuit, 
two or three inches in diameter, with a small neck, 
See fig. 14, plate VIII. to which is firmly cemented a 
long and rather wide glass tube, bearing divisions, which. 
correspond each to an internal annular section, equal to 
a film of water that would cover the outer suriace of the 
ball to the thickness of zo55 part of an inch. These divi- 
sions are numbered downwards to the extent of 100 or 
200. To the top of the tube is fitted a brass cap, having 
a collar of leather, and which, after the cavity has been 
filled with distilled or boiled water, is screwed tight. 
The outside of the ball being now wiped dry, the instru- 
ment is suspended out of doors, and exposed to the free 
action of the air. The following statement with regard 
to this instrument is copied from Mr. Leslie work on 
heat and moisture. 

Evaporation is always proportioned to the extent of 
the humid surface, for if a sheet of wet paper be applied 
to a plate of glass, it will, in a close room, lose its 
weight exactly at the same rate, whether it be held 
vertically or horizontally, and whether it occupies the 
upper or the under side of the plate. The quantity of 
evaporation from a wet ball is therefore the same as 
from an equal plane surface, or from a circle having 
twice the diameter of the sphere. In the atmometer, 
the humidity transudes through the porous substance, 
just as fast as it evaporates from the external surface; 
and this waste is measured, by the corresponding descent 
of the water in the stem. At the same time, the 
tightness of the collar, taking off the pressure of the 
column of liquid, prevents it from oosing so profusely 
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as to drop from the ball, an inconvenience which, in 
the case of very feeble evaporation, might otherwise 
take place. As the process goes on, a corresponding 
portion of air is likewise imbibed by the moisture on the 
outside, and being introduced into the ball, rises in a 
small stream, to occupy the space deserted by the sub- 
siding of the water inthe tube. The rate of evaporation 
is nowise affected by the quality of the porous ball, and 
continues exactly the same when the exhaling surface 
appears almost dry, as when it glistens with abundant 
moisture. ‘The exterior watery film attracts moisture 
from the internal mass with a force inversely as its 
thickness, and will therefore accommodate the supply 
precisely to any given degree of expenditure. When 
this consumption is excessive, the water may be allowed 
to percolate, by unscrewing the cap, avoiding however 
the risk of letting it drop from the ball. 

The atmometer is an instrument evidently of exten- 
sive application and of great utility in practice. To 
ascertain with accuracy and readiness the quantity of 
evaporation from any surface, in a given time, is an 
important acquisition, not only in meteorology, but in 
agriculture, and the ‘various arts and manufactures. 
The rate of exhalation from the surface of the ground 
is scarcely of less conseqnence than the fall of rain, and 
a knowledge of it might often direct the farmer advan- 
tageously in his operations. On the rapid dispersion of 
moisture, depends the efficacy of drying houses, which 
are too frequently constructed most unskilfully, or on 
very mistaken principles. But the purposes to which 
this atmometer so aptly applies were hitherto supplied 
in arude and imperfect manner. The loss that water 
sustains in a given time from evaporation has commonly 
been estimated by weight or measure. If a piece of 
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flannel, stretched by a slender frame, be wetted and 
suspended in the free air, its dissipation of moisture, 
after a certain interval, is found by help of accurate 
scales; or if water-in a shallow pan be exposed in a 
similar situation, its daily waste is detected by the appli- 
cation of a finely divided rod or gage. But these 
methods are extremely troublesome, and are subject, 
besides, especially the latter one, to great inaccuracy. 
Both the flannel and the sheet of water require to be 
sheltered against the wind and rain, and consequently 
they will not exhibit, like the atmometer, the real exha- 
lation which takes place from the ground. The bottom 
and sides of the pan must also, from their extent of dry 
surface, affect the temperature of the water, and conse- 
quently modify the quantity of evaporation. 

An atmometer, suspended in still air, might therefore, 
on taking into account the time intervened, answer 
nearly the purpose of the hygrometer; and this mode 
can be employed with advantage, in discovering the 
mean dryness of an apartment after the lapse of hours 
or days. Its delicacy indicates directly, and almost 
spontaneously, the actual dryness of the medium. This 
instrument is hence indispensable in all meteological 
observations, and may contribute essentially towards 
laying the foundation of a juster and more comprehen- 
sive knowledge of the various modifications which take 
place in the lower regions of our atmosphere. Heat and 
moisture are the chief agents which nature employs in 
producing those incessant changes; and if the invention 
of the thermometer lias tended so much to correct and 
enlarge the views of physical science, may not the intro- 
duction of an accurate hygrometer be expected to confer 
a similar benefit, and to direct our researches into many 
departments that are still unexplored. 
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In the regulating of many processes of art, and in 
directing the purchase and selection of various articles 
of preduce, the application of this instrument would 
render material service. Most warehouses, for instance, 
require to be kept at a certain point of dryness, and 
which is higher or lower according to the purposes for 
which they are designed. The printing of linen and 
cotton is carried on in very dry rooms, but the operations 
of spinning and weaving succeed best in air which 
rather inclines to dampness. The manufacturer is at 
present entirely guided by observing the effects pro- 
duced, and hence the goods are often shrivelled, or 
otherwise injured, before he can discover any alteration 
in the state of the medium. But were an hygrometer, 
even of the most ordinary construction, placed in the 
room, it would exhibit every successive change in the 
condition of the air, and immediately suggest the proper 
correction. The same means could be employed most 
beneficially, in attempering the atmosphere of public 
hospitals. 

That wool and corn have their weight considerably 
augmented by the presence of moisture is a fact well 
known. Without supposing that any fradulent practices 
are used, this difference, owing merely to the variable 
state of the air, in which the substances are kept, may 
yet in extreme cases amount to ten or even fifteen per 
cent. Grain or paper preserved in a damp place will 
be found to swell nearly after the same proportion. But 
the real condition of such commodities might easily be 
detected, by placing the hygrometer within a small wired 
cage, and heaping over this, for a few minutes, a quan- 
tity of the wool or grain whieh is to be examined. 
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BALLANCH, fig. 5, plate I]1.—The ballance, or 
pair of scales, is an instrument sufficiently known. It 
serves to ascertain the equality of the absolute or diffe- 
rence of weight of bodies. The absolute weight of 
bodies is relative, it being the expression of a number 
denoting its relation to some arbitary or conventional 
standard, as a pound, an ounce, a drachm, of which it is 
a multiple or aliquot part. The best kind of hand scales 
are those which are furnished with a box end a, and have 
a ring or sight hole at the upper extremity of the fork 
which supports the beam. The chemist should be pro- 
vided with scales of different sorts and delicacy, for the 
beginning and end of every exact chemical process con- 
sists in weighing. With imperfect instruments this ope- 
ration will be tedious and inaccurate; but, with a good 
ballance, the results will be satisfactory; and much time, 
which is so precious in experimental researches, will be 
saved. It is requisite to have scales for ordinary use, 
and others for occasions where greater delicacy is neces- 
sary. Fine scales should always be kept apart from the 
laboratory, in some place where the vapours of acids, or 
other corrosive liquors, cannot have access to them, 
otherwise they rust, and the accuracy of the ballance is 
destroyed; for the same reason they never should be 
overloaded. ‘The beam of a good balance should remain 
in equilibrio without the scales, and when the scales are 
changed, and should be very sensibly affected with a 
small portion of additional weight when loaded. They 
should hang in a dry place, and in a good light. The 
most delicate scales should be kept in glass cases, and 
should not be taken out without occasion. 
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BALLANCE HYDROSTATIC.—A kind of bal- 
lance contrived for finding the specific gravities of 
bodies, both solids and liquids. ‘The workmanship of 
this instrument requires peculiar nicety, but an accurate 
and delicate pair of scales of the usual construction when 
supported on a stand, may be made to answer the 
purpose, see fig. 2, plate VII. It only requires to 
shorten the strings of one of the pans a, as shewn in the 
figure, and to affix underneath and in the centre of the 
shortest pan a, a small hook 4. This ballance when in 
use might be held in the operator’s hand, but as the 
experiments to be performed with it requires usually 
much time and accuracy it is advisable to have the bal- 
lance adapted to a stand. As the hydrostatic ballance is 
used for finding the comparative weight of equal bulks of 
bodies, a standard of comparison must be assumed, and 
distilled water has been generally taken as unity. The 
specific gravity of any solid is ascertained by comparing 
the weight of the body in the air with its weight when 
suspended in water. The quotient obtained by dividing 
its weight in air, by the difference between its weight in 
air and its weight in water, is its specific gravity. The 
specific gravity of fluids may be ascertained by com- 
paring the weight of a solid body, such as a piece of 
crystal c, when immersed in distilled water, with its 
weight when immersed in the fluid we wish to examine; 
by dividing its loss of weight in the fluid by its loss of 
weight in the water, the quotient is the specific gravity 
of the fluid. 


BALLOON.—This name is given to a large globular 
glass receiver, with a short neck, fig. 15, plate IX. 
Fig. 14, plate IX. is a tubulated balloon receiver. 
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BAROMETER, fig. 11, plate XIV.—The tubes of 
which barometers are made ought at least to be 4 of an 
inch bore; or about + of an inch is better. The tube 
should be new, and perfectly clean within. In order to 
be certain of this, it should be hermetically sealed at 
both ends, at the glass-house, when made; one of the 
ends may afterwards be cut off with a file. The mercury 
ought to be perfectly pure. 

To fill the tube with mercury, warm it, and pour 
some mercury into it by a small paper funnel, so as to 
reach within an ineh of the top; you will see that as the 
tube fills there are bubbles of air in several parts. 
When the tube is full, apply your finger against the open 
end, and invert the tube, by which means the air that 
was on the top, now rising through all the quicksilver, 
gathers every bubble in its way. Turn the tube up 
again, and the bubble of air re-ascends; and, if there 
are any small bubbles left, carries them away. If, 
however, any remain, the operation must be repeated. 
The tube is now to be filled to the top, and stopping 
the open end with the finger, must be inverted into a 
basin filled with mercury, after which the finger may be 
withdrawn under the surface of the mercury ; the mer- 
cury in the tube will subside, remaining suspended at 
the height of 29 or 30 inches, or whatever balances the 
pressure of the atmosphere at the time. The space at 
the top of the tube is a perfect vacuum. 

The following is a still better way of filling the 
tube: pour the purest mercury into the tube (which 
must be very dry and well cleaned), to within two inches 
of the top, and then hold it with the sealed end lowest, 
in an inclined position, over a chafing-dish of burning 
charcoal, placed near the edge of a table, in order that 
all parts of the tube may be exposed successively to the 
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attion of the fire, by moving it obliquely over the 
chafing-dish. The sealed\end is to be first gradually 
presented to the fire. As soon as the mercury becomes 
hot, the internal surface of the tube will be studded 
with an infinite number of air-bubbles, giving the mer- 
cury akind of grey colour; these increase in size, by 
running into one another, and ascend towards the higher 
parts of the tube, where, meeting with a cooler part of 
the fluid, they are condensed, and nearly disappear. In 
consequence, however, of successive emigrations towards 
the upper parts of the tube, which are successively 
heated, they finally acquire a bulk which enables them 
in their united form entirely to escape. When the first 
part of the tube is sufficiently boiled, move it onward, 
by little and little, through its whole length. When 
the mercury boils, its parts strike against each other, 
and against the sides of the tube, with such violence, 
that a person unacquainted with the operation, natu- 
rally apprehends the destruction of his tube. By this 
process, the mercury is entirely deprived of the air 
which adhered to it. 

The tube is now fixed with its basin to a wooden 
frame prepared for it, as shewn in the design, fig. 11, 
plate XIV. having a scale of inches at the upper end, 
which is accurately measured from the surface of the 
mercury in the cistern. Fig. 8, plate XIV. shews the 
scale at the top, drawn larger. 

This is the common construction of the barometer, 
and is still found to be the best of any. 


BAROMETER, Wueer Barometer, fig. 12, plate 
XIV.—a represents the quicksilver in a glass tube, 
having a large round head or ball, and turned up at 
bottom 5; upon the surface of the mercury in the re- 
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curved leg, there is then placed a short glass tube loaded 
with mercury, with a string going over a pulley, and is 
balanced by another weight hanging freely in the air. 
As the surface at a is very large, and that at 6 very 
small, the motion of the quicksilver, and consequently 
of the ball a, will at bottom be very considerable; but as 
the weight moves up and down, it turns the pulley, and 
that a hand or index; and by the divisions of a large 
graduated circle, the minutest variations of the air are 
plainly shewn, if the instrument be accurately made, and 
the friction of the several parts be inconsiderable. 


BASIN.—See Evaroratine Basin. 


BATH, Sanp Baru.—The heat communicated from 
bodies in combustion must necessarily vary according to 
circumstances; and this variation not only influences 
the results of operations, but in many instances endan- 
gers the vessels, especially if they be made of glass. 
Among the several methods of obviating this inconveni- 
ence, one oi the most usual consists in interposing a 
quantity of sand, or other matter, between the fire and 
the vessel intended to be heated. 

Of all kinds of chemical baths that which is used the 
most extensively is the sand bath. In experimental fur- 
naces, or smaller chemical operations, the vessel to con- 
tain the sand is a cast iron pot, very much in the form of 
an inverted round hat, fig. 7, plate X. of which the hollow 
part is supported by the projecting rim upon the sides 
of the furnace, and hangs down over the burning fuel, 
the flame of which plays round it and gradually heats 
the sand which it contains, together with every vessel 
buried therein. See afig. 6, plate XV.; a fig. 15, plate 
XV.; fig. 28, plate XV.; x fig. 7, Ae VIT. and fig. 
iz; Ware XII. 
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In this bath the heat is gradually communicated, al- 
though less uniformly than by the water bath; and it 
may likewise be carried to ignition. As the heat is 
greatest towards the bottom of the sand, the operator - 
possesses a power of moderating it by raising the vessels 
when necessary. The extensive sand bath which is 
formed by spreading sand upon an iron hearth, fig. 10 
and 11, plate XV. is very useful for digestion, solution, 
evaporation, and other chemical proeesses, which may 
be carried on, at the same time, in a considerable number 
of vessels. 

This sand-bath is generally constructed of masonry. 
At the front is a rim, made of free-stone or sheet iron, 
about four inches deep, fastened, or let in, at each end 
into the wall. The bed ee is formed of cast-iron plates 
which rest upon each other in corresponding rabbets. 
The advantage of several plates over one large one is 
the cheapness and facility with which they are replaced 
if cracked by the heat, an accident of not unfrequent 
occurrence. The joints of the plates are secured by loam 
or clay, which effectually prevents the sand from falling 
through. The fire-place is shewn by 6; a is the ashpit. 
The flame and smoke circulate first through the flue ec, 
and then through the returning flue d, which conveys 
the smoke to the chimney. In constructing the flue 
beneath the grate, a row of bricks set edge-ways answers 
the purpose, and serves also to support the inner edge 
of the plates. 

The sand should be of indatate fineness, the finest 
as well as the very coarsest being separated by sifting ; 
for by this means the heat is more gradually distributed. 
Those distillations, which at any part of the process 
require as much as a low red heat, are usually performed 
in sand baths, even in manufactures in the great way. 
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Sand, when thoroughly heated, continues hot for a very 
considerable length of time. 


BATH, Sream Baru.—Is a contrivance so called in 
which a vessel to be heated is exposed to the action of 
steam. Fig. 4 and fig. 7, plate XIII. exhibits a steam 
bath, constructed for the lamp-furnace, it is particularly 
serviceable for drying such materials as cannot be ex- 
posed to a temperature exceeding that of boiling water, 
such as fulminating mercury, &c. Fig. 6, exhibits a sec- 
tion of this steam bath. | 

Such fulminating compounds as are to be dried must 
be placed in the conical glass vessel >, and when the 
vessel e is filled with water up to the side tube d, the 
desiccation may be performed without any risk of explo- 
sion, or any further trouble, by putting the apparatus 
over a lamp, and keeping the water in a state of ebulli- 
tion. Itis particularly useful in the drying of the pre- 
cipitates obtained in the analysis of minerals. It is well 
known that the same mineral analysed by different che- 
mists, has been found to yield different proportions of 
the same ingredients, and that the difference of propor- 
tions of the constituent parts, in many cases, is often 
more apparent than real; arising entirely from the vari- 
ous degrees of desiccation that have been employed by 
different analysts, and sometimes even by the same per- 
son. This point is of such importance, that every che- 
mist will at once perceive the utility of the apparatus in 
this respect. | 

The apparatus may likewise be used as a water-bath. 
In that case, the conical glass vessel } is removed, and 
the inner copper vessel e filled with water ; into this, small 
retorts, flasks, vials, &c. may be immersed for promoting 
the processes of distillation, digestion, solution, evapo- 
ration, &c.; or it may be used as a sand-bath (it being 
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hard soldered) by filling the copper vessel with sifted 
sand, for performing those operations which require a 
higher temperature than that of boiling water. 


BATH, Water Baru.—The water bath is nothing 
more than a pan, fig. 10 and fig. 11, plate XVI. fig. 64, 
plate I. containing water kept boiling, and in which 
the digesting or distillatory vessels are kept immersed. 
The heat of boiling water is nearly stationary, this tem- 


- perature is found very advantageous in the distillation 


of essential oils, and all other substances in which an 
empyreumatic taint is to be feared. It may easily be 
imagined, that the form of the bath, as well as of the 
vessels, may be varied according to the purposes re- 
spectively aimed at; any vessel, full of water, capable of 
being heated to boiling, may be used as a water bath. 
As the utmost heat which any substance immersed ina 
boiling liquid can acquire thereby, falls short by a few 
degrees of the temperature of the liquid itself, the heat of 
a water bath cannot amount to 212°. This is considera- 
bly increased, however, by using a strong solution of sea- 
salt, or any other salt, instead of water; as the boiling 
point of saturated brine is much higher than that of mere 
water. This forms the ancient Dalneum Maria, Bath of 
Mary (the Virgin, as some have interpreted the term) ; 
but others with more plausibility write Balneum Maris, 
seawater, or brine-hath. 


BEADS, Sprciric Graviry.—See AREOMETRICAL, 
Beans, page 40. 


BELL GLASS.—See Arr Jar, figs. 23, 24, plate 
IV. page 32. 


BELL GLASS, Dertaceratine Bett Guiass.—See 


Ain Jar, page 82. 
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BELL GLASS, wira Srop-Cock, fig. 50, plate I. 
—Bell glasses of this kind are convenient for trans- 
ferring gases into exhausted vessels, or into bladders, 
Sec} 


BELL GLASS anv Burapper Apparatus, fig. 47, 
plate I.—This is one of the most useful apparatus in 
the whole collection of chemical instruments for opera- 
ting on gases, on account of the vast number of purposes 
to which it may be applied. It consists of a bell-glass 
a, furnished with a brass cap and stop-cock b. cisa 
small connecting piece, with two female screws, by means 
of which a second stop-cock d, aflixed to a bladder e, 
or to any other vessel, may be connected with the 
stop-cock 5b, and the receiver a. If the bladder e, 
has been previously compressed, and a communication 
be then made with the bell-glass a, by opening both 
stop-cocks, the gas contained in the bell-glass may of 
course be transferred into the bladder, by pressing down 
the bell-glass a, into the water of the pneumatie trough, 
the gas will be forced up into the bladder; the stop-cock 
being then shut, the bladder may be removed. 


BELL RECEIVER.—NSee Air Jar, figs. 21, 23, 
24, plate LV. page 32. 


BLADDER, wirn Sror-Cocx, fig. 15, plate XI.— 
A large bladder mounted with a stop-cock is very con- 
venient for throwing up soap bubbles filled with hydrogen, 
or a mixture of oxygen and hydrogen gas, and for 
other occasional purposes on gases. The bladder is 
firmly tied to a stop-cock a, which fits the stop-cock of 
the air holder, fig. 16, plate XI. or any air jar containing 
the gas, and furnished with a brass cap and stop-cocks 


5A Blast Furnace. 


fig. 5, plate I. For throwing up soap bubbles inflated 
with hydrogen, a small brass tobacco pipe, fig. 45, plate 
I. is fitted to the stop-cock of the bladder, and by means 
of the flexible jet pipe, fig. 46, plate I. the gas may be 
transferred from the bladder as occasion may require. 


BLAST FURNACE, (Arxin’s), fig. 9, plate X.— 
To excite a sudden heat, and to raise it rapidly to the 
greatest intensity, nothing can be better calculated than 
this simple furnace. By the ingenious contrivance of 
dividing a strong blast of air, issuing from a double 
bellows, and driving it forcibly, first into a small cham- 
ber a, and from thence perpendicularly into a number of 
converging jets, through the centre of the fire place, a 
most intense heat is rapidly produced, sufficient to melt 
down cast iron, if the fire be properly managed, and the 
bellows c worked with vigour. Coke or cinders, free 
from clinkers and dust, taken from the common grate, 
when the coal just ceases to blaze, broken into fragments 
of the size of a walnut, and mixed with a little charcoal, 
form an excellent fuel for this furnace; the fire being 
first kindled by a few lighted cinders and a small quan- 
tity of charcoal or chips of wood. This furnace is com- 
posed of three parts, all made of black lead. The lower 
part, a, fig. 9, contains the blast chamber ; to this is fit- 
ted the body of the furnace /, which is perforated with 
blast holes at the bottom; 10, is the upper part or dome 
inverted upon /; it serves to concentrate the heat with 
more eflicacy, and to make it reverberate on the bodies 
exposed to it in J; it also protects the eye from the 
intolerable glare of the fire when the furnace is in full 
heat; 14, is a pair of double bellows fixed on the stool; 
g, the handle, is lengthened to make them work easier. 
If avery strong blast be wanted, a heavy weight may 
be secured to the upper board of the bellows. 
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BLAST FURNACE, (Lewis’s), fig. 12, plate X.— 
This furnace consists of two black lead pots, a, h, placed 
one within another. The inner or smaller one a, as 
shewn in the section, fits the outer one 6, accurately at 
the brim, where it is secured by lute. It is perforated 
all round, to admit a blast from the bellows, the nozzle 
of which is introduced into the hole c. d shews a 
erucible placed on its stand in the furnace. This furnace 
may be used with coke and charcoal for common pur- 
poses. 


BLOWPIPE, (Bereman’s) fig. 17, plate I.—The 
blow-pipe in chemistry and mineralogy is an instrument 
of the greatest utility. It enables us to expose to the 
action of a most violent heat, in a ready way, any 
substance we may meet with, in order to ascertain its 
general nature or qualities with regard to fire: all the 
effects of the most intense heat of furnaces may instantly 
be produced by this instrument; and with this advantage 
that the process is expeditious, and under the inspection 
of the operator; whereas we can only conjecture what 
passes in the centre of a furnace, if the same experiment 
be made ona large scale. The most expensive mate- 
rials, and the minutest quantity of bodies, may be used, 
and the whole process instead of being carried on in an 
opaque vessel, may instantly be varied under the eye of 
the observor, and may be seen from beginning to end. 
Indeed many advantages may thus be derived from the 
use of this simple and valuable instrument. Its small- 
ness, which renders it suitable to the pocket, is no 
inconsiderable recommendation to the travelling mine- 
ralogist. It is true that very little can be determined 
im these minature assays, concerning the proportional 
quantity of products, but in most cases a knowledge of 
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the contents of any mineral substance is a great -acqui- 
sition, which is thus obtained, in a very short time, 
although the actual quantities are too minute to enable 
the operator to ascertain their relative proportions. 

it requires a little art to keep up an uninterrupted 
blast of the blow-pipe with the mouth, which is not 
easily described; but may readily be acquired by prac- 
tice. The act of breathing must be carried on through 
the nostrils without interruption, and the stress of blow- 
ing must be performed merely by the compression of 
the cheeks upon the air in the mouth. Beginners blow 
generally too strong, which obliges them to take breath 
very often. ‘The whole art consists in inspiring the air 
through the nostrils, whilst the air contained in the 
mouth is forced out through the blow-pipe, so that the 
action of the nostrils, lungs, and mouth, resemble the 
action of double bellows; and to accomplish this object, 
there is no necessity of blowing violently, but only with 
a moderate and equable force, and then the breath can 
never fail the operator. This art of blowing properly 
is by some acquired in an instant, while others are a 
long time in making themselves masters of it. To those 
who experience any difficulty in the free use of the 
blow-pipe, the following directions may be of service. 
First, let the learner accustom himself to breathe freely 
with the mouth shut; then in making an expiration, let 
him transfer the air into the mouth, till the cheeks are 
moderately inflated, and retaining it there, let him dis- 
charge the surplus of the expiration through the nostrils, 
without allowing the air in the mouth to escape. When 
practice has rendered this easy, which may be effected 
in half an hour, let the nozzle with the smallest aperture 
be fixed on the jet tube of the blow-pipe, and introduce 
_ the mouth piece within the lips; then inflate the cheeks — 
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by an expiration, and continue breathing easily through 
the nostrils, till nearly the whole of the air has passed ~ 
eut of the mouth through the tube; then renew the air 
as before, and after a few day’s practice, the muscles. of 
the mouth will be accustomed to this new mode of 
exertion, and an uniform uninterrupted stream of air 
may be kept up for half an hour without any extraor- 
dinary fatigue. 

The best kind of flame for blowing through with the 
blow-pipe is a thick wax or tallow candle with a very 
large wick, which should be kept snuffed moderately 
low, and the wick turned a little aside from the pipe; 
the spirit lamp may also be used, it makes a perfectly 
clear flame without smoke, but weak in comparison to a 
thick wax candle; although a wax candle is the most 
convenient, a thick tallow candle will do very well. 
The candle should be snuffed rather short, and the wick 
turned on one side towards the object, so that a part of 
it does lie horizontal. The stream of air must be blown 
along this horizontal part as near as may be without 
striking the wick. If the flame be ragged and irregular, 
it is a proof that the hole of the blow-pipe nozzle is not 
round or smooth; and if the flame have a cavity through 
it, the aperture of the nozzle pipe is too large. When 
the hole is of a proper figure, and duly proportioned, 
the flame consists of a neat luminous blue dart or cone, 
surrounded by another flame of a more faint and indis- 
tinct appearance. Too great a flame does not easily 
yield to the biast, and too small a one, produces a weak 
effect. 

In using the blow-pipe, the following observations 
should be attended to. The end of the nozzle pipe a must 
be just entered into the flame, and the current of air 
will then throw out a cone or dart of flame from the 
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opposite side. If it is well managed, this dart or cone 
will be very distinct and well defined. Care must be 
taken that the stream of air does not strike against any 
part of the wick, as it would then be disturbed, and 
split into several parts. The jet or blast of air must be 
delivered somewhat above the wick; and as, unless the 
flame was considerable, there will not be sufficient for 
the stream of air to act upon, for this reason the wick is 
best to be opened, because it then exposes the largest 
surface, and produces the greatest flame; the stream 
of air from the pipe should then be directed through the 
channel or opening between the wick, so as to produce 
a cone the most perfect and brilliant, directed down- 
wards, at an angle of about 45 degrees. 

Its intensity is different according to the different 
parts of the flame. ‘The place where this intensity is 
strongest, is the extremity of the blue point of the flame. 

Every substance intended to be assayed with the | 
blow-pipe, should be heated very gradually, the flame 
should be directed very slowly towards it, in the begin- 
ing, not directly upon it, but somewhat above it, and so 
approaching nearer and nearer with the flame, until it 
becomes red hot. Whenever any mineral substance is 
to be tried, we do not immediately begin with the blow- 
pipe, because minerals are not always homogeneous, or 
of the same kind throughout, although they may appear 
to the eye to be so. A magnifier, fig. 7, plate V. is 
therefore necessary to enable us to discover the hetero- 
geneous particles, if there be any, and these ought to 
be separated, and every part tried by itself, that the 
effects of two different things examined together, may 
not be attributed to one alone. 

The substance upon which the flame acts ought to 
be proportioned to the size of the flame to which it is 


Blow-pipe. 59 


exposed. If the aperture of the blow-pipe is only of 
the diameter of a common pin, the substance ought not 
to be larger than a pepper-corn. In order to support 
the substance, it may be laid upon a piece of close- 
grained well-burned charcoal, made of elm or poplar 
wood. A small shallow hole may be scooped out with 
a knife, on the piece of charcoal, and the substance laid 
upon it. The charcoal itself kindles all round the 
hole, and the hole is thus gradually enlarged; and the 
heat too is kept up round the substance much more 
uniformly than when a metal support is used. At the 
same time, however, the chemical effect produced by 
ignited charcoal should not be forgotten, particularly in 
the reduction of metallic oxides, and the deoxigenation 
of the fixed acids; so that, for example, a small heap of 
oxide of copper, lead, or tin, heated red-hot on charcoal 
by the blow-pipe, is speedily reduced to a metallic state, 
hence also fragments of tin stone (tin ore), common 
lead ore, or galena, ruby copper, &c. are easily reduced 
when heated on a charcoal support. 

Very small and brittle substances are apt to be 
carried away by the current of flame from the piece of 
charcoal. These may be secured by making a deep 
cavity in the charcoal, into which the substance is to be 
put, and covered with another small piece of charcoal, 
which partly protects it from the flame. Some experi- 
ments of reductions are best made by binding two flat 
pieces of charcoal together, cutting a channel along the 
piece intended to be uppermost, and making a cavity 
in the middle of this channel to contain the matter to be 
examined. With this contrivance the flame may be 
urged through the channel between the two pieces of 
charcoal, and thus violently heats the substance in the 
cavity, which may be considered as in a closed furnace. 
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BLOW-PIPE, (Dr. Biacx’s.)—A conical tube with 
a jet pipe a, at its base, as represented fig. 17, plate I. 


 BLOW-PIPE, (Brooxe’s) Oxy-Hyprocen Buiow- 
pipe, figs. 5 and 6, plate I1J.—The instrument known 
by this name is a box of sheet copper a, to which a 
condensing syringe, a jet c, and a contrivance to ensure 
safety from explosions, are attached. ‘The principle on 
which it acts is the elasticity of the air; air being 
thrown into the reservoir by means of the syringe, is 
there retained in a condensed state, until the jet-cock is 
opened, when its elasticity causing it to issue with great 
force from the orifice, a stream is formed; which may 
be thrown, by means of a universal joint d, in any direc- 
tion on the flame of a lamp. 

As the nature of the instrument permits the introduc- 
tion of any gas or mixture of gases into it; it has given 
rise to a frequent and effectual application in the pro- 
duction of intense heat, by the combustion of a stream 
of oxygen and hydrogen gases from the jet; but as 
these mixtures when confined in any quantity, cause on 
inflammation, violent and dangerous explosions, it was 
necessary that some farther addition should be made to 
the apparatus than what was required to fit it for the 
use of a single gas, to prevent the inflammation pass- 
ing from the jet c backwards to the mixture in the 
reservoir a. } 

On the principle of safety laid down and demonstra- 
ted by Sir Humphrey Davy, small tubes of glass were 
used in the first instance with perfect success; but asa 
slight variation in the diameter of the bores rendered 
them incapable in certain circumstances of preventing 
the passage of the flame backwards, a small apparatus 
has been attached to the instrument, to render it per- 
fectly secure. 
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This additional part is called the trough; it is in- 
serted in the box, the upper part, or head e, only 
appearing above; from this head proceeds a stop-cock, 
J, to which the jet is fixed. 

When the head e¢ is taken off, by means of the key £, 
the interior of the trough is seen. It consists of a cir- 
cular vessel, descending to the bottom of the reservoir, 
and intersected at about two-thirds of its depth bya 
piece of very fine wire gauze. At the bottom of the 
vessel is a valve which covers four small holes connected 
with a small tube, rising by the side of the trough to the 
_ upper part of the reservoir, but concealed in its interior. 
The top of this tube is covered with fine wire gauze to 
prevent foreign matter getting from the reservoir to the 
valve, and there is a third screen, of the same kind, within 
the head of the trough. 

When the instrument is to be used it should be put 
together, with the upper end of the syringe connected 
with the stop-cocks, at the hinder part of the reservoir, 
as in fig. 6, and then on working the piston, the syringe 
exhausts the reservoir of the air it contains; the stop- 
cocks should then be closed, and the syringe taken off and 
placed in its upright position, asin fig. 5, and then the 
bladder g, containing the mixture of gases, being con- 
nected with the part before attached to the reservoir, 
the gas will issue from it on the stop-cocks being opened, 
and fill the vacuum formed by the previous process. 

-This being done, the head of the trough is to be 
unscrewed, and water poured in to about half an inch 
above the lower screen of wire gauze, and then the head 
is to be put on very tightly as before. The mixed gases 
are now to be condensed into the reservoir, by working 
the piston until the contents. of one or more bladders, 
as may he deemed requisite, are thrown in, and then all 
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the stop-cocks being shut, the instrument is ready for 
action. | 

The jet c should be gradually opened before the light 
is applied to it, and the ear being brought near the box, 
endeavours should be made to hear the play of the water 
in the trough as the gas passes through it; if that is 
evident, all is right, and the current may be inflamed at 
the jet pipe; if no sound is heard of the water bubbling, 
then, whether a stream issues or not from the jet, some- 
thing is wrong, and the head of the trough should be 
take off to ascertain the state of things within. This, 
however, may almost be called a useless precaution, 
since an occurrence of the kind has never happened, and 
does not appear. possible, if the apparatus be in order. 
Should it happen, it must be occasioned by the passage 
of the water backwards into the reservoir, owing to an 
inefficient valve, and the apparatus should not be used, 
but sent to be repaired by the workman who constructed 
it. cp 
During the wholetime the flame is burning, the water 
will be heard to play in the trough. If the current is 
inflamed, and the instrument abandoned to itself, the 
flame will go on burning, until the expansive force of the 
atmosphere, within the box, is no longer sufficient to 
propel a stream with the required rapidity through the 
tube; at this time the inflammation will pass backwards; 
unless the tube is very fine, and will fire the small 
quantity of mixture in the upper part of the trough, and 
then its effects will cease, the atmosphere in the reservoir 
remaining as before. When, however, the regular use 
of the instrument is required, it is better to shut the 
jet-cock f before the atmosphere is quite out, and con- 
dense in a fresh portion of gas. 

Attention should be paid to the quantity of water in 
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the trough—it should cover the wire gauze, but not to 
too: great a height; if there be too much water it is 
possible that the agitation caused by the passage of the 
gas through it, may throw a drop or two through the 
gauze above against the inner orifice of the jet tube, 
which would cause a sputtering in the flame. 

When a large jet or several small collateral jets are 
used a stronger current of gas is required to supply 
the combustion and keep it on the exterior of the orifice ; 
the hand therefore should be retained on the jet-cock, 
opening it wider as tbe elasticity of the air within 
diminishes; if this is not done, the inflammation will 
pass through whilst the current still exists, and cause a 
combustion in the trough. Then two events may happen, 
neither of which, however, is in the least dangerous ; 
the whole of the gas above the water may be fired, in 
which case the combnstion is at an end; or, it may burn 
continously on the upper surface of the wire gauze in 
the head of the trough, as long as any gas passes from 
the reservoir through the water. In the latter case the 
heat will be great on the wire gauze, and perhaps 
sufficient to injure it. 

For this reason, as well as to provide against casu- 
alities, the apparatus should be examined each time 
before being used, that all may bein order; and when 
done with, and to be put aside for more than a few 
days, it is advisable to throw out the water from the 
trough. 

As a superabundance of caution is certainly better 
than that which we may conceive to be sufficient, it will 
be as well to notice, that the end of the reservoir 
nearest to the syringe is always made weaker than any 
other part; so that if an explosion happens purposely, 
or by some unforeseen accident, it will find vent at that 
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place in preference to any other, and in a few instances 
that have happened in the first trials with this instru- 
ment, either for experimental illustration or otherwise, 
that part and no other has always yielded; the simple 
precaution, therefore, of standing away from the end, 
when an instrument from long wear or other causes 
acts badly, may be attended to. | 


BLOWPIPE, (Dr. Wottaston’s), figs. 22 and 23, 
plate I.—It consists of three tubes, so adapted to each 
other that they may either be packed together, or one | 
within the other, the whole is reduced to one half of its 
real dimensions in the sketches. 

In fig. 22. the interior tube is shewn to be somewhat 
longer than the exterior; and it is made so, that it may 
be more readily withdrawn. 

In each figure, the upper edge of the large end 
appears turned outward, in order to diminish the effort 
of the lips requisite for retaining it in the mouth. 

In fig. 23, it will be seen that the small extremity is 
placed obliquely, at an angle of about 120 degrees, that 
the flame impelled by it may be carried to a more con- 
venient distance from the eye, so as to answer the pur- 
pose of a longer blow-pipe. 

The oblique piece a is itself composed of three parts, 
of which the largest is made stronger than the rest of the 
blow pipe, that it may not be strained by frequent use. 
One end of this is closed, and into the other is inserted 
a small peg of wood, perforated so as to receive the tip, 
which is intended to be occasionally separated, for the 
purpose of passing a fine needle into it to remove any 
accidental obstruction. 
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BLOW-PIPE, Setr-Acrine, fig. 6, plate I1.—The 
action of this blow-pipe depends on a rapid stream of 
alcoholic vapour passing through the flame of a lamp, 
attached to the instrument. It produces a cone of blue 
fire, five or six inches long, accompanied with a hissing 
noise. The whole apparatus is neatly turned in brass. 
A globe of copper a, which contains spirit of wine, rests 
on the frame g: the tube x is continued within the 
globe almost to the top, and serves for conveying the 
spirit in the form of vapour, or gas, to the flame o of 
the lamp p. /f is a safety-valve, occasionally forced up 
by the vapour, which would otherwise burst the appara- 
tus. yis the opening by means of which the spirit is 
introduced. 

The flame of the lamp boils the spirit of wine, which 
comes over through the tube x, in the form of gas, and 
being conveyed through the wick of the lamp, produce 
a heat strong enough to melt glass, &c. 


BLOW-PIPE, wits Serr-Apsustina Canpbiestick, 
fig. 3, plate I1I.—a is the candlestick, which may be 
slided backwards and forwards upon the plate. The 
rack in the tube serves to raise the candle. The ball 6 
of the blow-pipe, together with its jet tube e, e, which 
may also be raised and lowered in order to direct the point 
accurately towards the flame. The charcoal stand is 
likewise moveable upon the base /; but at the same time, 
as the drawing shews, its pillars are by means of the 
sliding pieces, capable of a lateral motion besides that 
the charcoal can be vertically turned upon the pillar. 
{t is an expensive apparatus. 


BLOW-PIPE, wirn Srop-Cock, fig. 46, plate I.— 
a isa metal blow-pipe, screwed into the stop-cock J, 
‘ 


66 Blow-pipe Forceps. 


which may be joined to a bladder. The bladder being 
filled with oxygen gas, a very intense heat may be 
produced by direntingst the stream of gas on a piece of 
ignited charcoal. 


BLOW-PIPE APPARATUS.—A small mineralo- 
gical case for the pocket, containing a blow-pipe, a 
double magnifier, platina foil, a blow-pipe forceps, 
bottles of fluxes, a steel graver, test tubes, and the most 
essential re-agents necessary for the immediate exami- 
nation of minerals. It affords a convenient way for 
examining the nature or composition of minerals, though 
the actual quantities of the substances discovered are 
too minute to enable the operator to ascertain their rela- 
tive proportions. 


BLOW-PIPE SPOON, fig. 13, plate X.—Those 
bodies upon which charcoal acts chemically when inten- 
ded to be exposed to the blow-pipe flame, without. 
suffering such changes to take place, may be placed in 
a small spoon, somewhat less than a quarter of an inch 
in diameter, made of gold, silver, or platina. The spoon 
must be properly fixed into a wooden handle a. Silver 
or gold spoons are best adapted for fusions with alcaline 
fluxes, for which those made of platina are entirely 
unfit; they have nevertheless the capital disadvantage 
that they will only bear a dull red heat without risk of 
melting, whereas spoons of platina are perfectly infusible 
by the blow-pipe flame. 


BLOW-PIPE FORCEPS, fig. 4, plate V.—This 
small forceps, which is entirely made of platina, is 
convenient and useful for easily exposing solid materials 
to the dart of the blow-pipe flame. They cannot be 
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melted nor oxidated, nor do they become too hot to be 
held by the fingers during trial, on acconnt of the bad 
conducting power of the metal of which they are fabri- 
cated. They are also convenient for handling or taking 
out from melted fluxes the small bead of the product. 


BLOW-PIPE FOIL.—This name is given to pla- 
tina foil, of the thickness of fine writing paper. [It is 
very serviceable for exposing to the flame of the blow- 
pipe such substances as readily split, and are dispersed 
when heated by the blow-pipe dart on charcoal, or when 
held by the forceps in the spoon. Any substance, 
wrapped up in a piece of this foil, may readily be kept 
steady during trial. | 


BOILER, fig. 6, plate VI.—This figure exhibits 
the method of fixing large boilers, which of late has 
been adopted, and said to economise fuel. The boiler 
is set in brick work, and the furnace by which it is 
heated resembles a vault; and to add to the effect pro- 
duced by the heat, the middle of the fire-place is rather 
larger than its sides, which makes it perceptibly concave, 
an opening is made also in the middle of the vault, 
which is intended to increase the rapidity and the 
strength of the fire. 


BOILER, Stream Boiter, fig. 16, plate 1V.—The 
use of steam, which has been introduced as a vehicle 
and source of heat, affords an example of the scientific 
application of the principles of latent or combined 
caloric. By conveying steam into water, it is condensed, 
and by the evolution of the latent calotic by the con- 
densation, the temperature of the water is raised, so as 
soon to arrive at 212°. In certain arts, asin that of. 
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dyeing, where large quantities of water are to be heated 
in separate vessels, this method has superior advantages. 
By having a common boiler, from which the vapour is 
conveyed by tubes, the loss of heat is much less than if 
fire was applied to each vessel, and at the same time 
the vessels are subject to less wear, and may be con- 
structed at less expence. This method has accordingly 
been employed with success. | 

This apparatus, which is copied from Henry’s Che- 
mistry, is useful for exhibiting the most important 
experiments respecting latent heat; ais an oval copper, 
copper boiler, &c. On the cock ¢ may be screwed 
occasionally, a valve, loaded in the proportion of 14 
pounds to the square inch. The boiler being rather 
more than half filled with water, and the perforated cap 
d being screwed into its place, the ball of the thermo- 
meter will be an inch or more above the surface of the 
water, and will indicate its temperature, as well as that 
of the steam, both being, necessarily, in all cases, pre- 
cisely the same. Allowing the steam to escape through 
the cock c, before affixing the valve, the temperature of 
the steam, under a mean atmospheric pressure, will be 
212°. When an additional atmosphere is added by the 
weighted valve, it will rise to above 240°; by a valve 
twice as heavy as the first, or loaded in the proportion 
of 283 pounds to the square inch, the temperature of the 
steam will be raised to nearly 270°. 

For elucidating the production of heat, during the 
condensation of vapour, &c. the right angled pipe c 
must be screwed air tight, into its place, and must be 
made to terminate at the bottom of a jar f, containing a 
known quantity of water of a given temperature. This 
conducting pipe and the jar should be wrapped round 
with a few folds of flannel. The apparatus being thus 
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disposed, let the water in the boiler be heated by an 
Argand’s lamp, with a large wick, till steam issues in 
considerable quantity through the cock c, which is then 
to be closed. The steam will now pass through the 
right angled pipe c into the water contained in the jar f, 
which will condense the steam, and will have its tempe- 
rature very considerably raised. Ascertain the augmen- 
tation of temperature and weight; and the result will 
show, how much a given weight of water has had its 
temperature raised by a certain weight of condensed 
steam. To another quantity of water, equal in weight 
and temperature to that contained in the jar at the 
outset of the experiment, add a quantity of water at 
212°, equal in weight to the condensed steam; it will 
be found, on comparison of the two resulting tempera- 
tures, that a given weight of steam has produced, by its 
condensation, a much greater elevation of temperature, 
than the same quantity of boiling water. This will be 
better understood by the following example, taken from 
actual experiment: 

Into eight ounces of water, at 50° Fahrenheit, con- 
tained in the glass jar f, fig. 16, steam was passed from 
the boiler, till the temperature of the water in the jar 
rose to 173°. On weighing the water, it was found to 
have gained 84 drachms; that is, precisely 81 drachms 
of steam had been condensed, and had imparted its heat 
to the water. 

The large quantity of caloric latent in steam renders 
its application extremely useful for practical purposes. 
Thus, water may be heated, as in the foregoing experi- 
ment, at a considerable distance from the source of heat, 
by lengthening the conducting pipe c. This furnishes 
us with a commodious method of warming the water of 
baths, which, in certain cases of disease, it is of impor- 
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tance to have near the patient’s bed-room; for the boiler, 
in which the water is heated, may thus be placed on the 
ground floor, or in the cellar of a house, and the steam 
conveyed by pipes into an upper apartment. Steam 
may also be applied to the purpose of heating or evapo- 
rating water, by a modification of the apparatus. Fig. 
19, plate IV. g represents the apparatus for boiling 
water by the condensation of steam, without adding to 
its quantity; a circumstanee occasionally of considerable 
importance. ‘The steam is received between the vessel, 
which contains the water to he heated, and‘an exterior 
case; it imparts its caloric to the water, through the 
substance of the vessel, is thus condensed, ana returns 
to the boiler by the perpendicular pipe. An alteration 
of the form of the vessel adapts it to evaporation, fig. 18, 
h. This method of evaporation is admirably suited to 
the concentration of liquids, that are decomposed, or 
injured, by a higher temperature than that of boiling 
water, such as medicinal extracts; to the drying of 
precipitates, &c. In the employment of either of these 
vessels, it is expedient to surround it with some slow 
conductor of heat. On a small scale, a few folds of 
woollen cloth are sufficient; and when the vessel is cen- 
structed of a large size for practical use, this purpose is 
served by the brick work in which it is placed. 

Fig. 26 is a section upon a larger scale of the collar 
joint at b, fig. 16, plate IV. made for the convenience 
of screwing together long or crooked metal tubes, without 
turning them round. ais a section of the end of one of 
the tubes, and / that of the other which is to be attached 
to it; cis a collar which turns loose upon the shoulder 
of a and screws upon b. By screwing this collar upon 
b, the end e e of the tube a is brought to press upon the 
part dd of the tube 5, without turning round either of 
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those tubes. If upon d be laid a ring of linen cloth, 
soaked in boiled linseed-oil, the joint, when screwed up, 
if tolerably well made, will be impervious to steam, as 
well as to water or air. The projeeting at d is for 
preserving the ring ef cloth from being displaced, and 
for guiding the ends of both tubes, so as to meet pro- 
perly. 

_ A Aisa section of a socket, for fixing the stem of a 
thermometer into a boiler or a digester, where there is 
much heat and pressure; 6 is a socket, fixed on the 
outside of the boiler or digester, having a hole through 
it large enough to admit the bulb of the thermometer; a 
is a plug which screws into 4, having a hole through its 
centre large enough to admit only the stem of the ther- 
mometer; ¢ ¢ is a loose round plate, concave on the 
upper side, having a hole through its centre just sufii- 
cient also to admit the steam of the thermometer.— 
When the instrument is to be inserted, the plug a, and 
the plate c, must both be taken out of the socket. The 
bulb is then passed through it. The plate c¢ is next 
slipped over the stem, and dropped into its place. Some 
flax, soaked in linseed-oil, must next be wrapped round 
the stem, so as nearly to fillthe socket. The plug a 
must then be screwed in, till the flax be compressed so 
as to make the whole sufliciently tight. The opposite 
surfaces of the plate c, and the plug a, are made concave, 
for the purpose of compressing the flax round the stem 
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BOLT-HEAD.—This name is given to a spherical 
glass vessel, flattened a little at the bottom, and provided 
with a long slender neck. It is chiefly used for making 
solutions, and for processes of sublimation. Fig. 7, 
plate IX. is a bolt-head. 
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In order to sublime any substance, a part of the 
globe of the bolt-head is surrounded with sand. The 
matter which is volatilized by the heat, rises, and is 
condensed against the coldest part of the vessel; where 
it forms a stratum or cake, that may be taken out by 
breaking the vessel itself. In this manner it is that 
corrosive sublimate, calomel, camphor, and other similar 
products, are formed for the purposes of commerce ; the. 
neck of the vessel is loosely stopped. 

The heat is most commonly applied through the 
medium of a sand-bath, and the degree of heat, and the 
depth to which the vessel is buried in it, are regulated 
by the nature of the product. 

Sublimation is sometimes performed in a crucible, 
and the vapours are condensed in a paper cone, or in. 
another crucible inverted over it. The process is also 
conducted in the small way in Florence flasks.. For 
very small quantities of substances common medicine- 
phials are frequently made use of, and for this purpose 
set in the sand of a crucible-bath in such a manner that 
the body sublimed adheres to their prominent and cooler 
part. } 

If a small quantity of muriate of ammonia is put into 
a flask, and heat applied to it, the entire salt rises in the 
form of white smoke, and condenses in the upper part 
of the flask, in the form of a crystalline mass, which is 
a sublimate. 

Where a very great heat is required, an earthen retort 
is the best vessel for sublimation, and the sublimed sub- 
stance may be collected, either in the cooler extremity 
of the neck of the retort, or in any receiver beyond it 
which may be adapted to it. Thus zinc may be distilled 
from calamine and ‘charcoal, or phosphorus from phos- 
phoric acid and charcoal, simply by dipping the end of 
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the neck of the retort in water, and the sublimed sub- 
stance, in either case, concretes partly within the neck 
and partly in the water. Where the vaporized sub- 
stance, which is solid when cold, is passed through 
water, it concretes into a remarkably fine powder, instead 
of a hard cake, as is usually the case when the receiver 
is dry. Advantage has ingeniously been taken of late 
of this circumstance in the preparation of calomel, in the 
laboratory of Messrs. Howard and Company, to save 
the labour employed in levigating this important mercu- 
rial preparation, for by driving the vaporized calomel 
through water, it concretes into a powder which scarcely 
any mechanical operation could bring to equal in fineness. 

_ Sublimation is also occasionally performed either in 
a retort and receiver, or in an alembic and capital, as 
will be presently described. This is commonly done 
where a part of the vaporized substance condenses alse 
into a fluid, which is to be preserved. 

Sublimation therefore is a process by which certain 
volatile substances are raised by heat, and again con- 
densed by cold, into a solid form, hence it differs from 
distillation only in the form of the product. The for- 
mation of soot in our chimnies is an instance of subli- 
mation. 


BOTTLE, Cast-Iron, fig. 5, plate XIT.—Bottles 
of this kind are intended for obtaining such gases as 
cannot be disengaged without exposing the materials 
from which they are to be produced to a red heat. 
Fig. 6, a curved tube fitted by grinding. Fig. 11, plate 
IX. exhibits a cast iron bottle very convenient for 
obtaining oxygen gas by heat, from per-oxide of man- 
ganese, by means of a common fire. Fig. 17, are fluxible 
metal tubes, fitted by grinding to the mouth of this 
bottle, these are useful for conveying gas in any direc- 
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tion, and to any moderate distance. Separate lengths 
of them may be connected together instantly, and 
adapted to the retort, gazometer, or other vessel from 
which gas proceeds. In fig. 6, aa, plate V. the use of 
these tubes is shewn by connecting the air-holders, b A, 
with the gazometer. 


BOTTLE, Sprciric Gravity Bortttt, fig. 62, plate 
I.—A small bottle, with perforated tube-stopper, for 
finding the difference between measures of weight aud 
measures of capacity. For example, when the bottle is. 
filled wp to a certain mark in the tube, with distilled 
water of a given temperature, it should hold exactly 
50 or 100 grains, or any even number of grains. The 
quantity which it is found to contain of any other fluid 
of the same temperature, denotes the specific gravity of 
the latter fluid. For example, if it holds 1000 grains of 
water, and 1850 of sulphuric acid, the specific gravity _ 
of the sulphuric acid is to that of water as 1850 to 1000. 


BOTTLE wirn recurved TUBE FITTED BY GRINDING, 
fig.2, plate [X.—This bottle is useful for the production 
of gases; they are commodious when the evolution of 
the elastic fluid is not rapid, and the quantity demanded 
only moderately small. The bottom part of the vessel 
being made round, and blown thin, renders it not liable 
to crack by the application of a gentle heat. Bottles of 
this kind are sometimes tubulated, 5 fig. 18, plate II.— 
or furnished with an acid-holder as shewn fig. 29, plate I. 


BOTTLE witn Two Necks, fig. 13, plate IX. 
BOTTLE with Turrets Necks, fig. 16, plate [X.— 


Both these kind of bottles are employed in compound 
distillation. See Distittarory APPARATUS, COMPOUND. 
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CALORIMETER.—This elegant apparatus is em- 
ployed for estimating the comparative quantities of 
caloric contained in bodies. Its action is founded on 
the fact, that ice or snow, in melting, absorbs always a 
uniform quantity of caloric: and therefore, by placing a 
hot body in contact with ice, so that the whole of the 
caloric it gives out in the reduction of its temperature 
to 32°, shall be communicated to the ice, and spent in 
melting it, we may determine, from the quantity of 
water thus formed, the portion of caloric which has been 
communicated by the hot body. | 

This instrument consists of three vessels, fig. 1, plate 
XIV. a, b, c, adapted to each other, and inserted the 
one within the other, so as to leave a cavity between 
the sides of each. pA 

The smallest or innermost, a, is a cage of iron net- 
work, and is designed to contain the body which is to 
be subjected to experiment. It is supported by iron 
hooks a, and attached to the internal cavity of the 
second or middle vessel 4. This one is designed to 
- contain the ice, from the melting of which the quantity 
of caloric given out by the body in the first vessel is to 
be estimated. The ice is broken into small pieces; 
these are supported on an iron grating d fig. 5, at the 
bottom, through which the water filters, and is conveyed 
off by a pipe, with a stop-cock, which comes from the 
bottom of the vessel. It has a double cover, fig. 4, also 
adapted to it, capable of containing ice; the under part 
of this being perforated, so that the water, which may 
be formed from the melting of any of the ice it contains, 
may drop into the cavity itself. The third, or outer 
vessel c, is similar in its construction to the second, and, 
like it, is to be filled with pounded ice, when the experi- 
ment is to be performed. The design of it is to prevent 
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the agency of the external atmosphere. It would be 
inconvenient to operate with this instrument only when 
the temperature of the atmosphere is at 32°; but it is 
obvious, that at temperatures above or below this, a heat- 
ing or cooling agency would be exerted by the external 
air on the ice, which is designed to be exposed to the hot 
body only. Ifthe atmosphere were above 32°, it would 
communicate caloric to the ice, and of course would con- 
tribute to its fusion, and prevent us from ascertaining 
the quantity of water produced as a measure of the 
quantity of caloric which the hot body had given out; or 
if below 32° it would abstract caloric, and lessen the 
quantity that would otherwise be melted. The design 
of the outer vessel is to obviate these sources of error, 
and surround the ice in the middle vessel with a medium 
at the temperature of 32°. It also has a double cover, 
fig. 14, containing pounded ice, to serve the same pur- 
pose, x is a tube and stop-cock by which the liquid can 
be withdrawn. | 

The method of performing the experiment with this 
apparatus is obvious. The substance on which we are 
to operate is raised to a certain temperature, which is 
ascertained, and is then suspended in the innermost 
cavity, the middle cavity having been previously filled 
with pounded ice pressed down, so that no void spaces 
shall remain, and drained so that no water remains 
mixed with the ice. The caloric it gives out in falling 
to 32°, is communicated to the ice in this cavity, and 
melts more or less of it. Lavoisier and La Place cal- 
culated from experiment, that one pound of ice in melt- 
ing absorbs a quantity of caloric which would raise the 
temperature of water 185 degrees of Fahrenheit, and 
proceeding on this calculation, by withdrawing the 
quantity of water produced, and weighing it, it was easy 
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to ascertain the quantity of caloric which the substance 
in the reduction of temperature it had suffered had given 
out; its weight being exactly proportional to the quan- 
tity of caloric which the body had given out in its 
reduction of temperature. By repeating the experiment 
on different bodies, the comparative quantities of caloric 
they evolve in passing from one temperature to another, 
and of course the comparative quantities they contain, 
were determined. ‘Liquids were introduced in a glass 
matrass, which was suspended in the cage; the quantity 
of caloric which the glass would give out, being ascer- 
tained by a previous experiment, and airs were operated 
on, by passing them through a spiral tube, which was 
fixed in the middle vessel, a thermometer being placed 
at each extremity of it, to ascertain the temperature of 
the air as it entered and passed out. | 

These experiments should be made at a temperature 
at or a little above 32°, as, below that, the contents of the 
outer vessel may be entirely frozen, be cooled, and ab- 
stract caloric from the middle vessel. Nor should the 
temperature be more than 10 or 12 degrees above that ; 
for the air included in the instrument, being then heavier 
than the external air, descends, issues by the tube at the 
bottom through which the water runs off; and thus a 
current of air is formed which communicates heat to the 
ice. The nearer, therefore, the temperature of the exter- 
nal atmosphere is to 32°, the experiment will be more 
accurate. | 

The action of the apparatus has been supposed, 
however, to be liable to some errors, which have rendered 
it doubtful, whether, on the whole, it is accurate. Two 
circumstances have in particular been pointed out by 
Mr. Wedgwood as influencing the results. 

The first is, that part of the water formed by melting 
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of the ice, is retained by capillary attraction in the 
interstices of. the unmelted ice; and hence the quantity 
that passes off by the tube, at the bottom of the appara- 
tus, is not the proper measure of the quantity actually 
produced. Lavoisier and La Place were aware of this 
source of error, but they supposed it could not be of 
any importance, or might be obviated by strewing the 
pounded ice in the calorimeter, in thin layers, and 
allowing it to stand. for some time in an atmosphere 
above 32°, before the experiment was begun. It would 
thus have imbibed all the water that it could retain by 
capillary attraction; and therefore the quantity would 
be the same at the beginning and at the end of the experi- 
ment. It is obvious, however, that as in the progress of 
the experiment, the quantity of the ice, and its arrange- 
ment in the vessel must be altered, the portion of water 
retained by capillary attraction will not be precisely the 
same, though it is difficult to say to what extent this 
source of error may. operate. 

Another more important effect arises from a sin- 
gular fact, discovered by Mr. Wedgwood, that the ope. 
rations of thawing and freezing actually go on in the 
apparatus at the same time, or that part of the water 
which is melted in the upper part of the middle vessel, 
in filtrating through the ice, again returns to the solid 
state. Mr. Wedgwood has very clearly shewn, that this 
is the case, especially in the lower parts of the apparatus, 
the fragments of ice thrown in loose being frozen toge- 
ther, so that a passage made through the loose ice is . 
soon nearly filled up. 

Fig 2, plate XIV. represents a perspective view of 
the calorimeter, without its cover, fig. 3 and 4, the wire 
cage and its cover belonging to the machine. 
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CAPILLARY DROPPING TUBE, fig. 50, plate 
I. and fig. 57.—This name is given to a tube of this 
shape, blown in the middle into a ball, for dropping 
liquids. The ball is filled by the action of the mouth 
applied to the upper orifice, while the lower one is im- 
mersed in the liquid. To the former the finger is then 
applied; and, on cautiously removing it, the liquid is 
expelled in drops; or, when the ball is filled, the water 
may again be forcibly driven out by the breath: and, if 
directed against the inner sides of a filtre, will wash 
down to the bottom every minute particle of the preci- 
pitate adhering to it, and thus collect it together. 


CAPITAL, fig. 59, plate I—The upper part or 
head of the alembic. See A.emsic. 


CAPSUL, fig. 53, plate I.—Capsuls or basons 
made of glass, in the composition of which no oxide 
of lead enters, do not easily crack, and stand a low 
red heat in the sand-bath very well, without bending 
or losing their shape. 

Glass capsules cannot resist the immediate action of 
fire without incurring almost the certainty of breaking. 
To prevent this accident, they may be covered with clay 
lute. In this state the capsul may be used for evapora- 
tion, and exposed to the action of a strong and sudden 
heat without breaking, provided however, the substance 
they contain be liquid. 

When employed with the sand-hath, they must be 
half buried in the sand, in such a manner that the bot- 
tom of the vessel may be separated from the fire-place 
by a bed of sand. The heat of the fire may then be 
gradually transmitted by the sand; and the refrigeration 

afterwards takes place by insensible degress, so that the 
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capsul never receives the sudden impression either of 
cold or heat, and the operation proceeds with regularity, 
even when we neglect to keep up the same degree of 
heat. When the glass capsul is very thin, and of a 
small size, it may however be safely placed on the ring 
of the lamp furnace, and the heat of an Argand’s lamp, 
cautiously regulated, may be applied with safety. 

Very useful glass capsuls may readily be formed of 
glass flasks in the following manner: heat a piece of 
thick iron wire provided with a handle, and apply it 
red-hot to the part where the separation is to be made, 
moving it in that direction for the space of three or four 
lines. The glass cracks with the impression of the 
heat, and the crack follows the part that is hottest. 
When the crack begins, pursue it with the iron, bearing 
upon it. It is best to cleave the glass in the direction 
of the orifice of the flask, because each capsul is then 
provided with a spout or beak which is convenient 
for pouring, decanting, &c. 

When the vessel does not split by the first application 
of heat, communicated by the red-hot iron, the crack 
may be produced by the application of a wet body to the 
hottest part, or by throwing a drop of cold water upon 
it, which will infallibly produce a crack, and which may 
then be readily extended in the manner above stated. 


CAPSUL, Granuxatine Capsut, fig. 12, plate IV. 
—Two hermespherical cups, made of wood, which accu- 
rately screw together, to form a hollow box. The fused 
metal intended to be granulated is poured into the box, 
the inside of which should previously be rubbed with 
chalk. The box is then quickly agitated, till the metal 
cools, when the rolling motion will be converted into a 
rattling one. The metal will then be reduced to a fine 
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granular powder. The adherent chalk is then to be 
washed away. 


CARBOY.—-This name is given by chemists to a 
very large glass vessel, from eight to twelve gallons 
capacity, and of the form of a compressed globe, with 
a short neck. It is used by manufacturers for contain- 
ing sulphuric, nitric, or muriatic acid. It is generally 
packed into, and protected by, a basket of wicker work. 


CASTING CONE, fig. 13, plate VIII.—A metal 
mould having the form of an inverted cone. When the 
fusion of substances, that do not unite, or seperate during 
fusion is completed, the melted matter may either be per- 
mitted to cool in the crucible, or be poured into a 
casting cone, by which means the heavier substance col- 
' lects mors readily together into a mass, at the bottom of 
the vessel. It is usually made of brass, turned smooth 
within, so that the melted matter does not adhere to the 
sides of the vessel. 


CONDENSING SYRINGE, fig. 33, plate L—A 
considerable part of the caloric, which exists in gases in 
alatent state, may be rendered sensible by rapid mecha- 
nical compression. Thus if air be suddenly compressed 
in the pall of an air-gun, the quantity of caloric liberated 
by the first stroke of the piston, is sufficient to set fire 
to a piece of the tinder called amadou. A flash of light is 
also perceptible at the moment of condensation. This 
fact has been applied to the construction of a portable 
instrument for lighting a candle. It consists of a com- 
mon syringe, about six inches long, and 3 of an inch in 
the bore. At the lower extremity of the piston is a 
cavity which receives the substance intended to be fired. 
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The rapid depression of the piston condenses the air, 
and evolves sufficient heat to set the tinder or amadou 
on fire. 


CONDUCTING TUBES, fig. 17, plate IX.— 
These tubes are very useful for conveying gas in any 
direction, and to moderate distances. Separate lengths 
of them may be connected together instantly, and 
adapted to the retort, gasometer, or other vessel, from 
which gas proceeds. The tube a is furnished with a 
metal joint at b, made air-tight by grinding, this allows 
the longer extremity of the tube to be put into any 
direction required. 


CRUCIBLE, figs. 11, 12,13, and 14, plate I—When 
solid substances are to be exposed to these intense heats 
to fuse them, or to favour their mutal chemical action, 
the vessels, generally employed, at least for experimental 
purposes, are called crucibles. They are usually of the form 
of a short truncated inverted cone; some are triangular. 
Crucibles are made of different materials, according to the 
purposes for which they areto beused. A crucible ought 
to support the strongest heat without melting ; it ought 
to resist the attacks of all such agents as are exposed to 
heat in vessels of this kind. 

The Hessian crucibles are composed of clay and sand, 
they will support an intense heat for many hours, with- 
out softening or melting ; but they are disposed to crack 
when suddenly heated or cooled. This inconvenience | 
may be, on many occasions, avoided by using a double 
crucible, and filling up the interstice with sand, or by 
covering the crucible with a lute of clay and sand, by 
which means the heat is transmitted more gradually and 
equally. Those which give a clear sound when struck, 
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and are of an uniform thickness, and have a reddish 
brown colour, without black spots, are reckoned the best. 
They are sold in nests or sets. 

Wedgwood’s crucibles, made of porcelain clay, are 
very excellent for all experimental purposes in the small 
way. They are very smooth within, and stand a strong 
heat. They should be coated with fire lute before they 
are exposed to the action of a very intense heat. 

The black lead crucibles, formed of clay and plum-~ 
bago, are very durable, resist sudden changes of tempe- 
rature, and may be repeatedly used; but they are des- 
troyed when saline substances are melted in them, and 
suffer a partial combustion when exposed'red-hot to a cur- 
rent of air. They are also very smooth within, so that the 
melted matters, when poured out, do not adhere to the 
inside. They are totally unfit for the fusion of alcaline 
and saline matters, and answer best for metals and 
metallic substances. They may be used more than 
once. 

Silver crucibles (of perfectly pure silver) are particu- 
larly useful in analytical operations, for the fusion of 
bodies with alcalies, for which platina vessels cannot be 
employed. The utmost degree of heat they can bear is 
a moderate redness. 

Platina crucibles on account of the absolute infusi- 
bility of the metal by the heat of chemical furnaces, and its 
perfect unalterability by most agents, render the greatest 
service in the laboratory. They should always be put 
into a common crucible to defend them from the direct 
action of the coals, the slack of which affixes itself to the 
Sides and bottom with so much obstinacy, that it cannot 
be detached without risk of injury to the vessel. But 
platina is acted upon by fusion by nitrate of potash 
and also by alcalis. The latter property diminishes 
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considerably the utility of platina as a medium for cru- 
cibles. | 

Iron crucibles resist heat extremly well; but the 
air aided by the action of the fire, oxidizes them very 
speedily, and saline matters readily act upon them; even 
earths become coloured in iron crncibles, so that they 
cannot be employed for fusion, except in very few cases. 


CRUCIBLE FURNACE, figs. 1 and 2, plate X. 
—This furnace is made of common black lead crucibles, 
from 12 to 15 inches high, perforted at the bottom, and 
surported by a tripod stand, fig. 4. They are covered 
with an iron plate, into which two holes are cut; the 
larger hole admits the sand pot, fig. 7, for distillation by 
the retort, as shewn in the drawings 2.. The feul, which 
must be charcoal, is put through the smaller hole. The 
grate, fig. 8, rests on three notches cut at equal dis- 
tances on the inside of the body of the furnace... These 
furnaces serve only for moderate heats. Fig. 28, plate 
XVI. shews the furnace, provided with a sand pot, made 
of sheet iron. a a is a tube traversing the fire for the 
decomposition of water, &c. The upper part of the 
erucible is occasionly perforated to admit air when a 
cover is puton. The iron ring with three hooks, fig. 4, 
plate X, is to be sunk into the furnace, and on it may 
be placed retorts, &c. for distillations by the naked fire. 


‘CRUCIBLE STAND, figs. 6, and 7, plate I.— 
Crucibles should never be set upon the bars of the grate, 
but always upon a support of the shape represented. 
The hottest part of a furnace is about an inch above the 
grate of the furnace. The crucible may be covered, to 
prevent the fuel or ashes from falling into them, with a 
lid of the same materials, or a crucible inverted over them. 
See a, fig. 12, plate I. 
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CRUCIBLE TONGS, figs. 6 and 7, plate VIET.— 
For removing circular and triangular crucibles out of 
the fire without danger of breaking them. 


CRYOPHORUS.—This name is given by Dr. 
Wollaston, to the instrument exhibited, fig. 49, plate I. 
it consists of a glass tube, about 10 or 12 inches long, 
having an internal diameter of about + of an inch, termi- 
nated at each extremity by a hollow ball b, c, one inch 
in diameter; one of these balls contains about half an 
ounce of water, and the other is as perfect a vacuum as 
can possibly be obtained by the glass-blower in the con- 
struction of the instrument. 

If the empty ball b, be kept immersed in a mixture 
of snow and muriate of lime, or in any other freezing 
mixture, the water in the ball c, will be frozen in a very 
short time ; and this effect takes place, though the ball c 
be two or three feet distance from the empty ball 6. 


CUBIC INCH BOTTLE.—This bottle, which ex- 
actly holds a cubic inch, when the stopper isin its proper 
place, is very convenientfor readily ascertaining the speci- 
fic gravity of fluids in cubicinch capacities. In adjusting 
the bottle the inch cube of distilled water ought to be | 
taken according to Sir G. S. Evelin, Phil. Trans. v. 88, 
as corrected by Mr. Fletcher, Phil. Journ. vol. 4, equal 
to 252,506 grains Troy at 60° Fahr. ther. and 29, 5 bar. 


CUCURBIT, a, fig. 58, plate I.—A wide-mouthed 
flask of the figure of a gourd, used for various chemical 
purposes. The body of the glass alembic, a, fig. 58, and 


a, fig. 15, plate II. is a cucurbit. It is also called a 
body. 


86 Decanting Jar. 


CUPEL, fig. 10, plate I.—Cupels are small cups of 
the size of the segment of a musket bullet, made of bone 
ashes very porous; they are principally used in assaying 
the more precious metals, which are not oxidated by 
heat and air; any oxidable metal combined with them, 
soon sufiering this change, and the vitrified oxide being 
absorbed by the cupel. ‘They are placed under an 
arched earthen vessel, open at the end, named a muffle, 
fig. 16, plate I., by which, while the fuel is excluded, the 
air which is necessary in the process, is freely admitted 
to oxidate the oxidazible metal. 


CUPELLING FURNACE, fig. 17, plate XVI.— 
A table cupelling furnace is made cylindrical, and of 
black lead strengthened with iron bands. a is the open- 
ing where the muffle is introduced; it is shewn in the _ 
design closed with a door ; the charcoal is put in at the 
door db in the dome of the furnace. ¢, c, are openings in 
which may be inserted the nozzle of a pair of bellows. 
The furnace is not capable of producing a great heat, 
unless the fuel be urged violently by a draught of a dou- 
ble bellows. It is also very liable to crack. The two 
side openings render it useful for other chemical pur- 
poses. 


CUPEL TONGS, figs. 2 and 3, plate VIII. 


DECANTING JAR, figs. 8 and 9, plate XVI.— 
Tall cylindrical glasses for separating the clear from the 
turbid part of a fluids, or for separating fluids from solids, 
which are specifically heavier, especially when the solid is 
so subtle as to pass through the pores of most substances 
employed for the filtration of liquids, or so caustic. as to 
corrode them. : 
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DECIMAL WEIGHTS.—A set of weights accu- 
rately adjusted, from 1000 grains downwards to +; of a 
grain. With these weights the operator has always the 
same number of weights in the scales as there are figures 
in the number expressing the weight in grains. ‘Thus, 
742,55; grains will be weighed by the weights 700, 40,2, 
and $,: and as the error of adjustment is the least pos- 
sible when one weight is in the scale, that is to say, asa 
single weight of five grains is twice as likely to be true 
as two weights, one of two and the other of three grains, 
because each of these last has its own probability of error 
in adjustment, the advantages of these weights above the 
common sub-division is obvious, 


DEFLAGERATING JAR, fig. 21, plate IV.— 
Tall cylindrical glass jar furnished with a wide neck at 
top. See Air Jar. 


DEFLAGERATING LADLE, fig. 20, plate I.— 
A small ladle rivetted to a long copper wire for contain- 
ing the combustion of bodies in oxygen gas. It is fur- 
nished with a cork J, to fit the mouth of the deflagera- 
ting jar. The ladle, fig. 21, is furnished with three 
projecting prongs to inclose the bodies placed into it. 


DETONATING TUBE, fig. 54, plate [., and 5, 
fig. 16, plate II.—It is frequently an interesting object 
to pass the electric spark through different kinds of air, 
either alone or mixed together. In this case a metallic 
_ Wire is fastened in the upper end of a thick glass tube 
hermetically sealed at one end, the sides of which, at 
about the distance of two inches from the sealed end, 
are perforated with small holes, in which the wires 
J, f, are fixed by cement ; the extremities of which, within 
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the tube, are distant 4 of aninch. It is made wider at 
the bottom to stand more steadily. This instrument 
being filled with water or quicksilver, and inverted, a 
quantity of the gases intended to be submitted to the 
action of the electric spark is introduced, so as to de- 
press the fluid an inch or more beneath the wires. The 
electric spark is made to pass from the one wire to the 
other, by connecting one of them with the conductor of 
the common electrical machine, and hanging a chain on 
the other. 

A tube of this kind, when graduated into equal parts, 
forms Volta’s Eudiometer. If, in one of these tubes, 
we mix 300 parts of common air, and 200 of pure hydro- 
gen gas, there will remain after the explosion excited by 
passing an electric spark between the two wires f, f, 
about 305 measures. There will, therefore, have been a 
diminution of 195 measures, of which pretty axactly one 
third may be estimated to be oxygen. In this instance, 
therefore, 65 of oxygen have been lost by 300 of air, or 
21 and a fraction per cent. The general rule for ascer- 
taining the purity of air by hydrogen gas, in this man- 
ner, may be stated as follows: add to three measures of 
the air under examination, two measures of pure hydro- 
gen gas ; inflame the mixture by electricity in the deto- 
nating tube ; observe the diminution when the vessel has 
cooled; and, dividing its amount by three, we obtain 
pretty nearly the quantity of oxygen gas which has been 
condensed. 

Sometimes only one wire is inserted in a perforation 
in the head of a small tube, and fixed with cement 
represented fig. 28, plate IV.; it is of such a length as 
to descend three or four inches within it; and when 
connected with the electrical machine, the spark issues 
from its extremity within by the conducting power of 
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the fluid beneath, which must not, of course, be distant 
from it more than half an inch. 


DIGESTING FLASK, fig. 36, plate I., or Matrass 
Digestion, is commonly performed in glass flasks cf 
this shape, which should only be filled one-third, and 
covered with a piece of wet bladder, pierced with one 
or more small holes, so that the evaporation of the fluid 
may be prevented as much as possible, without risk of 
bursting the vessel. ‘The vessel may be heated, either 
by means of the sun’s rays, of a common fire, or of the 
sand bath; and when the last is employed, the vessel 
should not be sunk deeper in the sand than the portion 
that is filled. Sometimes, when the menstruum em- 
ployed is valuable, a distilling apparatus is used to pre- 
vent any waste of it. At other times, a blind capital is 
luted on the flask or matrass, or a smaller flask is 
inverted within a larger one; and as the vapour which 
arise is condensed in it, and runs back into the larger, 
the process in this form it has got the name of circulation. 


DISHES, fig. 12, plate XILI.—a, fig. 24, plate IV. 
—It is sometimes required to remove an inverted jar with 
its contents from the shelf of the pneumatic trough : this 
is done by the use of a shallow pan or dish, which is im- 
merged in the water of the trough, and the jar is slipped 
in it; then the whole may be removed, and placed 
wherever it may be convenient. In this case the shallow 
pan performs the office of a small trough; and forsuch 
purposes several dishes or pans of ditferent sizes should 


be had in readiness. 


DISTILLATORY APPARATUS, SIMPLE.— 


See Stitz and Retort. 
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DISTILLATORY APPARATUS, COMPOUND. 
—This apparatus is one of the greatest improvements 
that could have been introduced in our laboratories. It 
not only affords us the means of collecting all the pro- 
ducts of a distillation, but also enables us to obtain them 
separately ; it removes all fear of any risk of accident. 

In certain cases, the product designed to be obtained 
by distillation, is an elastic fluid, not condensible by 
itself, but capable of being condensed by being trans- 
mitted through water, with which it is retained in 
combination. The distillatory apparatus invented by 
Woulfe, fig. 3, plate XII., is employed for this purpose. 
It consists of a series of bottles, b, c, d, connected 
with each other by bent tubes, and connected with a 
retort, e, generally by the medium of a receiver and 
adopter. The receiver a, is designed to collect any con- 
densible part of the product. In the three bottles, 
water is placed to nearly one half their height, and the 
tube passing from the one into the other, beyond the 
second bottle 5, dips into the water of the bottle into 
which it is inserted, as is represented in the plate. The 
gaseous product is thus transmitted through the water, 
by which, as well as by the pressure which is necessarily 
exerted by the short column of water in each tube, its 
absorption is promoted ; and if any portion is incapable 
of being absorbed by the water, it passes off by the bent 
tube at the end, and may be collected in an inverted jar, 
in a trough of water. Each of the bottles, except the re- 
ceiver a, has a straight tube, which rises to the height of 
8, 10, or 12 inches above its insertion into the bottle, and 
passes so far within it as to dip in the water nearly half 
aninch. This tube is termed the tube of safety, and 
the use of it is to guard against that reflux of fluid which 
might happen from a partial vacuum arising from con- 
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densation in any of the bottles. At the commencement 
of the distillation, the joinings of the tubes with the bot- 
tles being well secured, the whole is air-tight; and, by 
the gas produced, the atmospheric air contained in the 
upper part of the bottles is in a great measure expelled 
through the tubes. If, therefore, in any stage of the 
distillation, the production of gas should diminish, the 
quantity contained in the bottles being absorbed by the 
liquor, a partial vacuum is formed ; and at the end of the 
process, when the retort cools, this must always happen: 
the consequence of this must be, that the water being more 
pressed on by the atmospheric air without, than by the gas 
within, must pass backwards from one bottle to another 
by rising through the tubes, as from d, to c, and from 
c, to 6, and thus the whole will be mingled together, 
which would often defeat the object of the distillation. 
This, however, is effectually prevented by the tubes of 
safety, as, when any such partial vacuum happens, the 
atmospheric air is forced through the small quantity of 
fluid in which they are immersed, and rising into the 
bottles, preserves the equilibrium. 

Various improvements have been made in this appa- 
ratus. One defect in it is, that we cannot have the 
advantage of the immersion of the tube which comes 
from the receiver a, into the liquid in the second 5; for, 
as the receiver, as it sometimes is, is designed to collect 
the condensible product, and ought therefore to be 
without water, it can have no tuhe of safety ; and hence, 
if the tube issuing from it dip into the liquid in the 
second, whenever any condensation happens, from the 
gas ceasing to be produced, the liquor will pass back- 
wards into it. The apparatus, therefore, is represented 
as it ought to be, with the bent tube from the receiver 
only reaching near the surface of the liquid in the bottle 
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b, while in the others it is immersed. As the liquid, 
however, in the bottle b, is in the best situation for 
being impregnated with the gas, and therefore, for form- 
ing the most concentrated product, it is of some import- 
ance to aid this as much as possible, and obtain the 
advantage of the gas being forced to pass through it, by 
the tube passing into it being immersed. The contri- 
vance that has been used for this purpose, is the tube of 
safety of Welter, or bent tube with an additional curva- 
ture, and a spherical ball, represented fig. 25, plate IV., 
and b, b, fig. 9, plate XII., as intermediate between the 
globular receiver and the common three-necked bottle, 
and connecting them. In this is put a small quantity of 
water, so as to rise, when the pressure without and 
within is equal, about half way into the ball. If the 
elasticity is increased in the internal part of the appa- 
ratus, during the distillation by the production of gas, 
the water is pressed upwards to the funnel at the top ; 
if there is a condensation, it is forced by the atmospheric 
pressure into the ball, but whenever it has passed the 
curvature beneath the ball, it is obvious that a portion of 
air must rise through it, and will pass into the globe or 
bottle, to the tube of which this bent tube is adapted. 
This tube, however, though it answers the purpose 
effectually, is inconvenient ; from its form, it is very 
liable to be broken; and, what is its principle defect, 
we can employ no great pressure in the apparatus with 
it, without making it of such a length as to be unwieldy, 
and subject to risk. The method employed by Mr. 
Murray, to obviate this inconvenience, is moresimple. It 
is having the usual bent tube constructed with a ball in 
that part of it which is inserted in the bottle containing 
the liquid into which it is to dip, as represented fig. 8, 
plate VI. By properly proportioning the depth to which 
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the tube is immersed in the liquid in J, to the size of the 
ball, it is obvious, that when from any condensation in a, 
the liquor in 4, rises, when the ball is filled, the extre- 
mity of the tube will be no longer immersed ; a portion 
of the gas present will therefore rise in it through the 
water, and preserve the equlibrium, so that if the tube 
be not too deeply immersed, no part of the liquid in 4, 
can ever pass into a. This method has the advantages 
that we can employ any pressure whatever in the appa- 
ratus, and that no atmospheric air is introduced in the 
course of the distillation into the first bottle, but only 
the elastic fluid which is the product of the process. 
The use of tubes of this kind may even supersede the 
use of tubes of safety through the whole apparatus ; for, 
if each have a spherical cavity in its long leg above its 
insertion in the bottle, and if its immersion in the liquid 
be duly proportioned, the reflux of the liquid will be 
prevented, in the manner just now explained, while any 
extent of pressure may be obtained by a tube issuing 
from the last bottle being immersed in water or quick- 
silver. 

Another imperfection which attends the common com- 
pound distillatory apparatus, is the difficulty of adapting 
the tubes by grinding, so that it is necessary to secure 
the joinings by lute, whichis always inconvenient. Mr. 
Murray has remedied this, by having a tube fixed or 
soldered when the bottle is made, into that orifice into 
which the long leg of the tube from the preceeding bottle 
is to enter, as represented fig. 1, plate VI, in the bottles, 
b, c,d. This soldered tube being of such.a length that 
it is immersed in the liquor within the bottle, and the 
tube which enters it having a very slight curvature at 
its extremity, which throws the gas beyond the extremity 
it cannot return, but must pass foward into the next 
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bottle; and as there is no difficulty in grinding the tubes 
into the bottles from which they issue, the whole appa- 
ratus is easily constructed without the necessity of lute. 
The open tube, too, serves the purpose of a tube of 
safety. The deficiency of an apparatus of this construc- 
tion, is, that very little pressure can be applied to pro- 
mote the absorption of the gaseous product by the liquor, 
as, from the shortness of the open tubes, the liquor, by 
such pressure, is forced up them, and may overflow ; 
though this may to a certain extent be obviated, by 
having the wide open tubes not soldered, but ground in, 
and having them of such alengthas will admit of the 
rise of the liquid, as isrepresented ine. The only diffi- 
culty in executing this, is to have the orifice of the 
bottle into which the wide tube is ground, perfectly 
straight, and the smaller tube which enters it precisely 
at a right angle, as otherwise it cannot be inserted, at 
least without having the wide tube of too great a dia- 
meter. With care, however, this may be attained, and 
the apparatus then answers perfectly well. a, is as usual 
left without water, and therefore cannot have an open 
tube, but absorption is guarded against, either by the 
tube passing from it, not dipping in the liquor in A, or by 
having a ball, as represented in the figure. 

Fig. 9, plate XII., exhibits the application of com- 
pound distillation, in the production of muriatic acid 
from muriatic of sodaby sulphuric acid. The muriate 
of soda is introduced into the retort, and by means 
of the bent tube or hydrostatic funnel a, the sulphuric 
acid is added. The receiver c, is adapted to the retort 
by means of an adopter a, to receive the portion of 
impure sulphuric acid and muriatic acid which passes 
over towards the end of the operation. d,d, and f, f, 
are bottles containing water; the quantity. of which 
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should be equal in weight to that of the salt employed. 
These bottles are furnished with tubes of safety d, b. 


DISTILLATORY APPARATUS COMPOUND, 
(VertTicat), fig. 8, plate XI11.—This is an useful and 
safe Woulfe’s apparatus, invented by Mr. Knight. 
a, b, c, d, represent four vessels, each ground into the 
mouth of that below it. e, e, e, are glass tubes, the mid- 
dles of which are ground into the neck of each vessel 
and of sufficient length to allow the upper end to rise 
above the liquor, while the lower descends nearly to the 
bottom of the vessel below. The vessel ais kept empty, 
and serves as areceiver to contain any liquid distilled 
from the retort which enters at the orifice f, and is also 
furnished with a Welter’s tube g, to prevent the absorp- 
tion of any liquid from the lower vessels, when a vacuum 
is formed by the cooling of the retort or receiver. The 
vessels 5, c, and d, are filled with the liquor intended to 
be impregnated with the vapour or gas that distils over, 

and which passes by the tubes successively through the 
"whole range of vessels. The lower one, d, has the bent 
tube / to carry off any unabsorbable gas, and it is made 
broad and firm at the bottom, besides being fitted into a 
heavy wooden stand (not here represented), to lessen 
the danger of being overset. This ‘apparatus unites 
every requisite, and it has the great advantage of not 
being easily deranged, and if any part is broken, it may 
be replaced without much difficulty. 


DISTILLATORY APPARATUS COMPOUND, 
(Prpys’s), fig. 9, plate IX.—A very useful alteration 
in the construction of Woulfe’s apparatus has been 
contrived also by Mr. Pepys. 4, is a balloon surmounted 
by a vessel c, accurately ground to it, and furnished with 
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a glass valve, resembling that affixed to Nooth’s appa- 
ratus. This valve allows gas to pass freely into the 
vessel, but prevents the water which it contains from 
falling into the balloon. a, is a tubulated retort, joined 
to a tubulated receiver b, into which is fitted, by grind- 
ing the pear-shaped vessel c, furnished with a valve, 
constructed by placing a plano-convex lens upon the 
mouth of a small tube, accurately fitted by grinding, 
and inserted into the lower aperture of the pear-shaped 
vessel c, and similar to the valve in the well known appa- 
ratus of Nooth, but with more water way. From this itis 
obvious thatthe gas disengaged from theretort, and which 
is not absorbed by the fluid contained in the receiver b, 
will, by its upward pressure, raise the valve, and pass 
into the pear-shaped vessel c, without allowing the fluid 
contained in it to return into the receiver b, even when 
a partial vacuum takes place. The gas which is not ab- 
sorbed passes into the first three-necked bottle d, and if 
any part should escape absorption by the fluid in that 
vessel, it passes into the second bottle e, or may lastly 
be conducted into the pneumatic trough by means of the 


tube f. 


DISTILLATORY APPARATUS COMPOUND, 
(Burkett’s), fig. 14, plate VII.—4, is a tubulated re- 
ceiver, to which, in the usual manner, is joined a retort, 
and from which a bent tube, c, passes to the second 
receiver d. This last communicates with the bottle f, 
by means of the bent tube c. The end of the tube 3, 
which enters the receiver d, is furnished with a valve 
which prevents the return of any gas from the receiver d, 
to the receiver b, in case a vacuum should take place in 
the course of the operation in the receiver ), or in the 
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retort. The valve is the most defective, because it is liable 
to be set fast in making chlorate of potash, or any other 
crystallisable salt, 


“ DISTILLATORY APPARATUS, COMPOUND, 
(Hamitron), fig. 7, plate I11.—Is avery convenient ap- 
paratus for impregnating fluids with gases. It consists of 
three parts; a is a tubulated retort, with a short thick 
neck, fitted accurately into the lateral opening x of the 
two-necked bottle b. The upper pear-shaped vessel 
c, is ground air-tight into the two-necked bottle L; it 
has a long glass tube, (as shown in the design,) reaching 
to the bottom of the two-necked bottle 6. The use of this 
apparatus is as follows:—A quantity of water to be satu- 
rated with gas is put mto the bottle b. The influx 
of gas from the retort accumulating at the top of }, drives 
ihe fluid up tothe tube d, into the pear-shaped vessel c, 
till the two-necked vessel b is empty of water, and only 
filled with gas, on which a considerable pressure is there- 
fore always kept up. The substances from which the gas 
is to be procured, are put mto the retort a, which is repre- 
sented resting upon a wooden stand. This apparatus is 
very useful for making liquid oxy-muriatic acid, sulphu- 
vous acid, kc. The spirit lamp y, being applied, as shown 
in the design. ‘ 

DISTILLATORY APPARATUS, COMPOUND, 
FOR PREPARING LIQUID CHLORINGE, fig. 8, p. IIL. 
The muriate of soda and oxyd of manganese are introduced 
into the long-necked mattrass A, which is placed on a 
sand bath. This mattrass is shut with a cork-stopper B, 
pierced with two holes, into one of which is inserted the 
iube D, bent at E, and terminating at the upper extremity 
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in a funnel F, by means of which the sulphuric acid is 
itroduced into: the mattrass.. The other hole of the 
stopper B, receives the extremity of a tube G, which 
forms a communication between the mattrass and the 
flask with three tubulures H, containing one-eighth of 
its contents of waiter, and mto which is inserted a tube 
of safety K, to prevent absorption. This flask H, is 
connected with another vessel P, by the tube N, The 
vessel P is half full of water, and has a communication 
with a second flask furnished with a tube of safety; 
and this second flask has a communication with a third, 
&e. All the jomings must be well secured by fat luting, 
covered with a bandage of linen daubed over with the 
white of an egg and lime; the mattrass is then to be gra- 
dually heated. 

As chlorine is not easily condensed, a large quantity of 
water contained in several vessels, or disposed im the 
form of a very high column, is presented to it, in order 
that, by compressing the gas and obliging it to pass 
through a longer space, it may be more readily absorbed. 

If the flasks be surrounded with ice, the chlorine crys- 
tallizes at the temperature of zero. | 


DIFFERENTIAL THERMOMETER, fig. 1, plate 
XIII.—This instrument, for which we are indebted to Mr. 
Leslie, is calculated for measuring very minute variations 
of temperature. The Differential Thermometer consists of 
two glass tubes, each terminating in a small bulb a. x. of 
the same dimensions, and bent in the form of an U, a small 
portion of dark coloured liquor (sulphuric acid, tinged red 
with carmine,) having previously heen introduced into one 
of the balls. By managing the included air with the heat of 
the hand, this red liquor is made to stand at the point 
required of the opposite tube. This is the zero of a scale 
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fastened to that tube, and divided into equal parts above 
and below nothing, It is manifest, that when the liquor 
is at rest, or points at zero, the column is pressed opposite 
ways by two portions of air, equal in elasticity, and 
containing equal quantities of caloric. Whatever heat 
then may be applied to the whole instrument, provided 
both bulbs receive it in the same degree, the liquor must 
remain atrest. But if the one ball receives the slightest 
excess of temperature, the air which it contains will be 
proportionably expanded, and will push the liquid against 
the air in the other bulb with a force, as the difference 
between the temperatures of those two portions of air, 
The equilibrium, in short, will be destroyed, and the fluid 
will rise in the opposite tube. The degrees of the scale 
through which it passes will mark the successive augmen- 
tations in the temperature of the ball, which is exposed to 
the greatest heat. This instrument, therefore, is truly a 
balance of extreme delicacy, for comparing the tempe- 
ratures with which its two scales may be loaded. It is 
not at all influenced by any variation of temperature in the 
surrounding medium, is peculiarly calculated for expe- 
riments on radiant caloric: it combines great delicacy with 
accuracy. The differential thermometer, as its name 
expresses, announces not the absolute degree of heat, but 
the difference (when any exists) between two given spots 
where the thermometer is made to act. A moment’s 
attention to the construction of the instrument, which is 
in fact a double air thermometer, separated by a portion 
of intercluded fluid, will shew that it indicates only the 
difference of heat of two contiguous spots. As long as the 
elasticity of the air\in one leg is equal to that in the other, 
the air contained in both balls will have the same elasti- 
city, and the liquor in each tube or leg will be equally 
pressed on in opposite directions, and will remain sta 
H 2 
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tionary ata certain height. If the instrument, for instance, 
be introduced either into a warmer or colder atmosphere, 
the temperature of both balls will be equally affected; the 
volume of air in each will be equally expanded or con- 
tracted, and hence the liquor will still remain stationary. 
But, if one of the balls be more heated or cooled than the 
other, this equilibrium will be subverted, the superior 
elasticity of the confined air of the ball, which is exposed 
to a warmer air, will drive the interposed liquor forwards, 
and make it rise in the tube connected with the ball which 
is at the lower temperature, and of course fall m the other ; 
and hence the instrument is calculated to point out the 
difference of temperature in the corresponding balls; this 
it will do with peculiar nicety. 


DROPPING TUBE, fig. 56 and 57, plate I.—The 
hollow ball of this tube is filled by the action of the mouth 
applied to the upper orifice whilst the lower one is im- 
mersed in water. When the ball is filled, the water may 
again be forcibly driven out by the breath; and if directed 
against the inner sides of the filtre, will wash down to the 
bottom; every minute particle of a precipitate adhering 
to it, may thus be collected together. 


EUDIOMETER, (Priestiey’s).—No sooner was the 
composition of the atmosphere known, than it became an 
inquiry of importance to find out a method of ascertaining 
with facility and precision the relative quantity of oxygen 
gas contained in a given bulk of atmospheric air. 

The instruments i which the oxygen gas of a deter- 
mined quantity of air was ascertained, received the name 
of Kuptomerers, because they were considered as mea- 
surers of the purity of air, they are however more pro- 
perly called Oximerres. These mstruments have in our 
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own times become of great Ere in Experimental 
Chemistry. 

The first Hudiometer, figs. 25, 26, and 39, plate I., was 
made in consequence of Dr. Priestley’s discovery, that 
when nitrid oxyd is mixed with atmospheric air over 
water, the bulk of the mixture diminishes rapidly, in 
consequence of the combination of the gas with the oxygen 
of the air, and the absorption of the nitric acid thus formed 
by the water. 

When nitric oxyd is mixed with nitrogen gas, no dimi- 
nution takes place ; but when it is mixed with oxygen gas 
in proper proportions, the absorption is complete. Hence 
it is evident, that in all cases of a mixture of these two 
gases, the diminution will be proportional to the quantity 
of the oxygen. Of course it will indicate the propor- 
tion of oxygenin air; and by mixing it with different 
portions of air, it will indicate the different quantities 
of oxygen which they contain, provided the component 
parts of air be susceptible of variation. This Eudiometer 
consists simply of a graduated glass tube from half an 
inch to one. inch in diameter, either with or without a 
foot, (fig. 39, plate I.) and from 10 to 15 inches high, 
open at one end and closed at the other. 

The mode in which Dr. Priestley employed it was 
extremely simple. One ounce measure was filled with the 
air designed to be submitted to trial, and this was introduced 
into a jar of 14 imch im diameter, inverted in water; the 
same measure of nitrous gas newly prepared was added to 
it; and the mixture was allowed to stand two minutes. If 
the diminution of volume were considerable, more nitrous 
air was added, till the oxygen in the air submitted to ex- 
amination appeared to be saturated. The whole was then 
transferred into a glass tube about two feet long, and 
half an inch wide, graduated according to the air mea- 
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sure, and divided into tenths and hundredth parts. The 
space occupied by the residuum was thus measured, and 
compared with the volume of airs mixed, so that the 
diminution was visible by inspection: and as one mea- 
sure of oxygen gas, according to Priestley, is condensed by 
two measures, or rather by 1.97 of nitric oxyd gas, or 
nitrous gas, the quantity of diminution is divided by 
3 or 2.97 to give the volume of oxygen gas. It is essen- 
tial that as much nitric oxyd gas be employed as will 
decompose the quantity of oxygen operated upon; and 
it is adviseable to use a slight excess. Thus, if atmos- 
pheric air is analysed by nitric oxyd add, 100 measures of 
it to 50 measures of nitric oxyd gas in a jar of 14 inch 
diameter, the whole will be condensed to 84 measures ; 
the diminution therefore is 66, which divided by 3, gives 
22 as the volume of oxygen gas. 

M. Dalton has remarked, that in using’ nitric ae 
the experiment to procure an accurate result ought to be 
conducted in such a manner as to form either nitric. acid 
or nitrous acid, and avoid the intermediate proportions, as 
these must be variable. Now, this depends. principally 
on the proportions in which the gases are mixed, 
and the more or less free admission of water. Of the 
two modes, that in which the mfluence of water is 
excluded, except in so far as to condense the product, in 
which case nitric acid is formed, is, according to Mr. 
Dalton, most easily and most accurately effected. “ In 
order to this, a narrow tube is necessary ; (fig. 39 or 26, 
plate I.), one just wide enough to let air pass water, 
without requiring the tube to be agitated, is best. Let 
little more nitric oxyd gas than is suflicient to form 
nitric acid be admitted to the oxygenous gas ; let no agi-. 
tation be used, and as soon as the diminution appears to 
be over for 2 moment, let the residuary gas be transferred 
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to another tube, and it will remaim without any further 
diminution of volume. Then ths of the loss will be due 
to oxygen.” In making the experiment, therefore, on 
atmospheric air, add 36 measures of nitric oxyd gas to 
100 of air; avoid agitation; ascertain the diminution of 
volume ; and multiplying this by z, the product gives the 
| proportion of oxygen. 

_ Gay-Lussac has recommended the opposite mode, and 
has affirmed, that in a narrow tube, and without a consi- 
derable excess of nitric oxyd, ‘the results are variable. 
He employs a very wide jar, fig. 17, plate XII., and 
having put in it 100 measures of atmospheric air, he adds 
100 measures of nitric oxyd gas. A dense red vapour 
is immediately produced, which disappears without agita- 
tion, and in a minute or little more the absorption is 
complete. The residual gas is transferred into a gra- 
duated tube, the degrees of which correspond with the 
measures of the gases employed. The absorption, accord- 
ing to Gay-Lussac, is uniformly about 84 parts, the fourth 
of this (according to his assumption that three measures of 
exygen combine with one of oxygen, to form nitrous acid) 
gives the volume of oxygen, or 21 in 100 parts of atmos- 
pheric air. The combination of nitric oxyd with oxygen 
bemg so much influenced, however, by circumstances, 
the experiment may be lable to give discordant results, 
in the hands of different experimentalists. 


EUDIOMETER, (Pepy’s).—In this apparatus asolu- 
tion of hydrosulphuret of potash, or muriate of iron, im- 
pregnated with nitrous gas is employed as the Eudio- 
metric liquid. It is put into an elastic gum bottle, fig. 11, 
plate XI., which is connected with a graduated tube 
(similar to fig. 39, plate I.) containing the air to be 
examined; by pressing the bottle, the liquid is made 
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to act on the air with a degree of compression, which 
favours the result. The method is rather compli- 
cated. It affords, however, a useful instrument for 
separating other aériform fluids from each other, and 
ascertaining their purity, especially when liquids have to 
be used for these purposes at a high temperature. 


EUDIOMETER, (Scueexe’s,) is merely a graduated 
glass cylinder, containing a given quantity of air, exposed 
to a mixture of iron filings and sulphur formed into a paste 
with water. The substances may be made use of in the 
following manner : 

Make a quantity of sulphur in powder} and iron filings, 
into a paste with water, and place the mixture in a saucer 
or plate, over water ona stand raised above the fluid; 
then invert over it a graduated bell-glass, and allow this 
to stand for a-day or two. The air contained in the bell- 
glass will evadually diminish, as will appear from the 
ascent of the water. 

When no further dimimution takes place, the vessel 
containing the mixture must be removed, and the re- 
maining air will be found to be nitrogen gas, which was 
contained in that quantity of atmospheric air. 

The error to which this method is liable, is, that the 
sulphuric acid which is formed acts on the iron, and 
produces hydrogen gas, which joins to the nitrogen 
remaining after the absorption, and occasions an incorrect 
result; and hence it is that the absorption amounts in 
general to 0.27 parts, although the true quantity of oxygen 
is no more than from 0.21 to 0.22. 


EUDIOMETER, (Dz Marmi’s.)—De Marti obviated 
the errors to which the method of Scheele was liable. 
He availed himself for that purpose of a hydrogenated 
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sulphuret, formed by boiling sulphur and liquid potash, 
or lime water, together. These substances, when newly 
prepared, have the property of absorbing a minute portion 
of nitrogen gas; but they lose this property when 
saturated with that gas, which is easily effected by 
agitating them for a few minutes in contact with a small 
portion of atmospheric air. ‘ 

The apparatus is merely a glass tube, ten farehics long, 
and rather less than half an inch in diameter, open at one 
end, and sealed at the other. The close end is divided 
into 100 equal parts, having an interval of one line 
between each division. The use of this tube is to measure 
the portion of air to be employed im the experiment. 
The tube is filled with water, and by allowing the water 
to run out gradually while the tube is mverted, and the 
open end kept shut with the finger, the graduated part is 
exactly filled with air. These hundred parts of air are 
introduced into a glass bottle filled with liquid sulphuret 
of lime, previously saturated with nitrogen gas, and 
capable of holding from two to four times the bulk of the 
air introduced. The bottle is then to be closed with a 
ground glass stopper, and agitated for five mimutes. After 
this the stopper is to be withdrawn while the mouth of 
the phial is under water; and for the greater accuracy it 
may be closed and agitated again. Lastly, the air is to 
be again transferred to the graduated glass tube, in order 
to ascertain the diminution of its bulk.* 


EUDIOMETER, (Humeott’s.) Humbolt’s method 
of analysing air, consists in decomposing a definite quan- 
tity by means of the combustion of phosphorus, after 


* Journ. de Phys. LIL. 176, 
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which the portion of gas which remains must be mea- 
sured. ) 

Take asmall glass cylinder closed at the top, and whose 
capacity must be measured into sufficiently small portions 
by a graduated scale fixed on it, fig. 17, plate XI. If the 
instrument be destined. solely for examining atmospheric 
air, it will be sufficient to apply the scale from the orifice 
of the cylinder down to about half its length, or to sketch 
that scale on a slip of paper pasted on the outside of the 
tube, and to varnish it over with a transparent varnish. 

This half of the eudiometrical tube is divided into fifty 
equi-distant parts, which in this case indicate hundredth 
parts of the whole capacity of the instrument. 

Into this vessel, full of atmospheric air, put a piece of 
dry phosphorus (one grain to every twelve cubic inches,) 
close it air-tight and heat it gradually, first the sides near 
the bottom, and afterwards the bottom itself. The phos- 
phorous will take fire and burn rapidly. After every 
thing is cold, invert the mouth of the eudiometer-tube into 
a basin of water or mercury, and withdraw the cork. 
The water will ascend in proportion to the loss of oxygen 
gas the air has sustained, and thus its quantity may be 
ascertained. 


EUDIOMETER, (Dr. Hops’s), fig. 15, plate X. It 
consists of a small bottle, of the capacity of 20 or 24 
drachms, destined to contain the eudiometric liquid, and 
having a small stopper at b. Into the neck of the bottle 
a tube is accurately fitted, by grinding, which holds pre- 
cisely a cubic inch, and is divided into 100 equal parts. 
To use the apparatus, the bottle is first filled with hydro- 
sulphuret of lime, which is best prepared by boiling a mix- 
— ture of lime and sulphur with water, filtering the soluti 
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and agitating it for some time in a bottle half filled with 
common air. The tube, filled with the gas under ex- 
amination, (or with atmospherical air, when the quality 
of this compound is to be ascertained), is next put inte 
its place; and, on inverting the instrument, the gas as- 
cends into the bottle, where it is brought extensively into 
contact with the liquid, by brisk agitation. An absorption 
ensues; and, to supply its place, the stopper b is opened 
under water, a quantity of which rushes into the bottle. 
The stopper is replaced under water; the agitation re- 
newed; and these operations performed. alternately, tll 
no further diminution takes place. The tube a is then 
withdrawn, the neck of the bottle being under water, and 
is held inverted in water for a few minutes; at the close 
of which the diminution will be apparent. Its amount 
may be measured by a graduated scale marked on the 
tube. 


EUDIOMETER, (Seeutn’s), consists of a glass 
tube of about one inch in diameter, and eight or ten 
inches high, closed at the upper extremity. It is filled 
with mercury, and kept inverted in this fluid im the 
mercurial trough. A small bit of phosphorus is imtro- 
duced into it, which, on account of its specific gravity 
being less than that of mercury, will rise up in it to the 
top. The phosphorus is then melted by means of a 
red-hot poker, or burning coal applied to the outside of 
the tube. When the phosphorus is liquified, small 
portions of air destined to be examined, and which have 
been previously measured in a vessel graduated to the 
cubic inch or into grains, are introduced into the tube. 
As soon as the air which is sent up reaches the phos- 
phorus, a combustion will take place, and the mercury 
will rise again. The combustion continues till the end of 
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the operation; but for the greater exactness, Mr. Seguin 
directs the residuum to be heated strongly. When cold 
it is introduced into a small vessel, whose capacity has 
been ascertained at the same time as thatof the preceding. 
The difference of the two volumes gives the quantity 
of the oxygen gas contained in the air subjected to exa- 
mination. 


EUDIOMETER, (Berruotet’s).—Instead of the 
rapid combustion of phosphorus, Bertholet has substituted 
its spontaneous combustion, which absorbs the oxygen of 
atmospheric air completely, and when the quantity of air 
operated on is smail, the process is accomplished in a 
short time. : 

Bertholet’s apparatus consists of a narrow graduated 
elass tube, fig. 26, plate I. containmg the air to be 
examined, into which is introduced a cylinder or stick of 
phosphorus supported upon a glass rod, while the tube 
stands inverted in water. The phosphorus should be 
nearly as long as the tube. Immediately after the 
introduction of the phosphorus, white vapours are formed 
which fill the tube; these vapours gradually descend and 
become absorbed by the water. When no more white 
vapours appear, the process is at an end, for all the 
oxygen gas which was present in the confined quantity of 
air, has united with the phophorus; the residuum is the 
quantity of nitrogen of the air submitted to examination. 

This eudiometer, though excellent of. the kind, is 
nevertheless not absolutely to be depended upon; for as 
soon as the absorption of oxygen is completed, the 
nitrogen gas exercises an action upon the phosphorus, 
and thus its bulk becomes increased. It has been ascer- 
tamed that the volume of nitrogen gas is increased to 5 
part; consequently the bulk of the residuum diminished, 
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by 4, gives us the bulk of the nitrogen gas of the air 
examined; which bulk subtracted. from the original mass 
of air, gives us the proportion of oxygen gas contained in 
it. The same allowance must be made in the Mudiometer 
of Seguin. 


EKUDIOMETER, (Davy’s).—This Eudiometer re- 
quires little address, and is very expeditious; the appa- 
ratus is portable, simple, and convenient. 

Take a small glass tube, fig. 39, plate I. graduated 
into one hundred equi-distant parts; fill this tube with 
the air to be examined, and plunge it into a bottle or any 
other convenient vessel, containing a concentrated solution 
of green muriate, or sulphate of iron, strongly impregnated 
with nitrous gas. All that is necessary to be done is 
to move the tube in the solution a little backwards and 
forwards; under these circumstances the oxygen gas 
contained in the air will be rapidly absorbed, and con- 
densed by the nitrous gas in the solution, in the form of 
nitrous acid. . 

The state of the greatest absorption must be marked, as 
the mixture afterwards emits a little gas which would 
alter the result. 3 

This circumstance depends upon the slow decomposition 
of the nitrous acid (formed durmg the experiment) by 
the green oxyd of iron, and the consequent production of 
a small quantity of aériferm fluid (chiefly nitrous gas); 
which having no affinity with the red muriate, or sulphate 
of iron, produced by the combination of oxygen, is 
gradually evolved, and mingled with the residuual nitrogen 
gas. 

The impregnated solution with green muriate is more 
rapid in its operation than the solution with green sulphate. 
In cases when these salts cannot be obtained in a state 
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of absolute purity, the common sulphate of iron of com- 
merce may be employed. One cubic mech of moderately 
strong impregnated solution is capable of absorbing five 
or six cubic inches of oxygen in common processes; but 
the same quantity must never be employed for more than 
one experiment. 


EUDIOMETER, (Vorta’s).—See Detonating Tube, 
page 87. | 


EVAPORATING BASIN, fig. 65, plate I. fig. 12. 
plate XII.—LHvaporation is used for separating volatile 
fluids from those which are fixed in the same degree of 
heat. It is therefore performed by the application of heat, 
and it is promoted hy using shallow vessels,and extending 
the surface of the fluid as much as possible. The object 
of evaporation is to concentrate a solution, by the sub- 
traction of a portion of the liquid, m order to obtain sepa- 
rately the substance which is in the liquid. ‘The basin 
should present an extensive surface, proportioned to the 
depth of liquor, and admit of it being quickly heated, and 
of the vapour escaping without any resistance. Eva- 
porating basins are of glass, earthen-ware, or metal, ac- 
cording to the substances operated on, and the degree 
of heat which is to be applied. In chemical experiments, 
on a small scale, basins of glass, or of Wedgwood’s 
ware, are employed. ‘The latter are the most con- 
venient. Their flat-bottomed shape permits them to be 
heated more readily than those of glass, which cannot be 
made so shallow; and as the mass of the liquid intended 
to be evaporated has little depth and a proportional large 
surface, the evaporation takes place very rapidly. They 
may be placed over a lamp without much risk of crack- 
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There is no particular kind of evaporatmg vessel which 
can be adapted exclusively on all occasions. It may only 
be observed, that glass presents the greatest number of | 
advantages, because it is composed of a substance the least 
attacked, the least soluble, and the least destructible by 
chemical agents. The larger sized porcelain biscuit eva- 
porating basins, (we mean such as hold at least one gallon,) 
are usually made with the sides more upright, or nearly 
semi-globula, fig. 5, plate V., and hence they are’ more 
liable to crack than shallow ones. Evaporating vessels of 
glass, or porcelain, when of a moderate size, are generally 
bedded, up to their edge, in sand, fig. 10 and 16, plate 
XVI., and fig. 64, plate I.; but those of various metals 
are placed immediately over the naked fire. Evaporatory 
vessels of gold, of silver, or of piatina, are to be preferred 
in some delicate operations ; but the price of these vessels 
do not permit them to be used, especially in the large way. 


FILE, fig.2, plate I1.—Rat-tailed files are conve- 
nient for perforatmg corks, into which glass tubes are to 
be cemented, without much danger of splitting the cork. 


FILTRING STAND, fig. 19, plate I. fig. 2, 
plate IV. fig. 26, plate XVI. fig. 5, plate VIL.— Filtra- 
tion is a finer species of sifting. It is sifting through the 
pores of paper, or flannel, or fine linen, or sand, or pounded 
glass, or porous stones, and the like ; but it is used only 
for separating fluids from solids, or such parts that may 
happen to be mechanically suspended in them, or not 
chemically combined with the fluid. Thus salt water 
cannot be deprived of its salt by filtration ; but muddy 
water may. 

The filtring stand, fig. 19, plate I. consists of three legs 
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supporting an horizontal board, furnished with a hole, for 
supporting a funnel. 

For the nicer purposes of Chemistry, bibulous paper 
must be used folded up into a conical form a, and placed 
within a funnel ; it should be colourless, which may be 
easily obtained, and therefore not the blotting paper of 
ordinary use. In other preparations, linen, woollen, or 
cotton cloths, may be employed, which allow the liquid to 
pass readily through them, and which, therefore, are 
especially applicable to solutions of vegetable matiers, 
and separation of them from their msoluble parts when 
required for immediate use. Very acrid liquors, such as 
acids, are filtred by means of a glass funnel, filled 
with powdered quartz, a few of the larger pieces being 
put in the neck, smaller pieces over these, and the fine 
powder placed over all. The porosity of this last filter 
retains much of the liquor ; but it may be obtained by 
gently pouring on it an equal quantity of distilled water ; 
the liquor will then pass through, and the water will be 
retained in its place. The filtrmg stand, fig. 26, plate 
XVI., is furnished with a drawer a, for contaming filtring 
paper, and a sliding board b, which may be elevated at 
different heights, | 


FILTRING FOUNTAIN, fig. 5, plate VIT.—Wa- 
ter may be filtrated in large quantities through a stratum 
of gravel and charcoal, placed in a curved pipe, so that it 
must rise upwards through the stratum; fig. 5, plate 
VIL., exhibits the arrangement. The gravel, or sand and 
charcoal, is placed in the curved pipe B, the water passes 
in at A, and is discharged at C. Another simple appara- 
tus of this kind is a barrel, divided perpendicularly, by a 
beard perforated with a row of holes along the lower 
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edge. Into each side, as much well washed sand is put 
as will cover these holes an inch or two, over which must 
be placed a layer of pebbles to keep it steady. The ap- 
paratus is now fit for use. Water poured into the one 
half will sink through the sand in that side, pass through 
‘the holes in the division to the other, and rise through the 
sand in the other half, from which it may be drawn by a 


stop-cock. 


FILTRING BAG, fig. 1, plate If.—The size of 
filters must depend on the quantity of matter to be 
strained. Hence when large flannel or lmen is formed into 
a conical bag, and suspended from a hoop, fig. 1, plate 
il., a, a, or frame, the paper is spread on the inside of the 
bag. It is of advantage to introduce strings of pack- 
thread, or a few pieces of straw between the paper and 
the bag, to prevent the paper from adhering too closely. 

What passes first is seldom fine enough, and must be 
poured back again, until by the swelling of the fibres of 
the filter, or fillmg up of its pores, the fluid acquires the 
requisite degree of limpidity. The filter is sometimes 
covered with charcoal powder, which is a useful addition 
to muddy and deep-coloured liquors. The filtration of 
some viscid substances is much assisted by heat. 


FILTRING FRAME, fig. 9, plate VITT.— Where 
no extraordinary nicety is required, the readiest way of 
filtering large quantities of fluid is, to throw them ona 
linen cloth covered with filtermg paper, supported by 
a frame of this kind. Elutrition is a species of filtration; 
it is confined to such mineral'substances on which water 
has no action. It is performed for separating them from 
foreien articles and impurities of a different specific gra- 
vity, in which case they are said to be washed; or for 
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separating the impalpable powders obtained by trituration 
and levigation from the coarser particles. This process 
depends upon the property that very fine or light powders 
have, of remaining for some time suspended in water. It 
is performed by diffusing the powder or paste, formed by 
levigation, through plenty of water, in a tall cylindrical 
vessel, letting it stand a sufficient time until the coarser 
particles settle at the bottom, and then pouring off the 
liquid in which the finer or lighter particles are suspended. 
Fresh water may be poured on the residuum, and the 
operation repeated: or the coarser particles which fall to 
the bottom may be previously levigated a second time. 


FLASK, (Dicestine Frasx.)—When the solution 
or digestion of a substance in a fluid is quickly to 
be effected, the bottle fig. 36, plate I., or fig. 6, with 
a round bottom, may be used. A common Florence 
oil flask serves the same purpose extremely well, and 
bears, without cracking, sudden changes of temperature ; 
bemg blown thin and equable, it sustains alterations of 
temperature with less risk of breaking, and from its long 
neck any vapour which is formed is condensed and falls 
back. 

The vessel when employed for digestion or solution, 
should not be above 4 full. It should be tied over with 
a piece of wet bladder, and pierced with one or more 
small holes made with a pin, so that the evaporation of 
the fluid may be retarded as much as possible. The flask 
may be heated over the lamp-furnace. Solution is ac- 
celerated by shakmg and agitating the mixture. Perfect 
transparency and permanent suspension of the solid are 
marks of perfect solution, by which it is distinguished 
from simple mixture, or mechanical diffusion. The 
chemist should be provided with flasks of different sizes; 
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narrow mouthed flasks, fig. 36, plate I., are best for the 
processes of digestion, and also for obtaining gases ; the 
production of which does not require the aid of a strong 
heat, such as carbonic acid, hydrogen, sulphuretted hy- 
drogen, chlorme, &c.; for instance let us suppose that 
we wish to procure carbonic acid gas, by means of the 
- contrivance represented, fig. 17, plate IT., which consists 
of a common earthenware basin, across the rim of which 
is placed a wooden board, four or jive inches wide, and 
about three-fourths of an inch thick, having a slit termi- 
nating in a hole, cut in the centre of the board, which hole 
serves to receive an inverted common quart bottle as 
shewn in the drawing. The flask is furnished with a 
glass tube which connects the two bottles and serves 
to convey the gas, from the flask to the bottle, for one 
extremity of the tube passes air tight through the cork 
in the neck of the bottle, whilst the other end is inserted 
ito the neck of the inverted bottle. To impregnate 
water with carbonic acid gas (or with any other gas which 
is not absorbable by water) by means of this apparatus, let 
the quart bottle be filled with water, quite full, stop it with 
a cork, and invert it, with its neck downward, into the 
earthenware basin, also previously filled with water, and 
let it rest im the centre hole of the board, as represented 
in the design, and then withdraw the cork. This being 
done, put some white marble, lime-stone, or common 
chalk, broken into pieces of the size of a pea, into the 
flask, and pour upon it common muriatic acid diluted 
with two or three times its bulk of water: the carbonic 
acid gas, which becomes extricated by the action of the 
acid upon the marble, will pass through the bent glass 
tube and enter the quart bottle from which it expels the 
water, and the bottle thus becomes filled with carbonic 
acid gas, When this has been effected, cork the bottle, 
12 
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in its inverted position, with its neck under the surface of 
the water: and having next removed it out of the basin, 
pour into it about half a pint of distilled water, cork it again 
perfectly air-tight, shake it for about three or four minutes, 
and then suffer it to stand for two or three hours, taking 
care to agitate it during that time frequently. ‘The water 
will thus become strongly impregnated with carbonic acid 
gas, it will send forth a multitude of air bubbles when ex- 
posed to the air, and particularly when poured from one ves- 
sel into another, or when gently warmed. The colder the 
water is, the more carbonic acid gas will be absorbed. 

- It is obvious that a quantity of carbonic acid gas, equal 
to the portion of water poured into the bottle, is wasted, 
but this is not an object, and this loss may even be avoided 
by inverting the bottle filled with carbonic acid gas, into 
a small cup containing distilled water, and suffering it to 
stand a few hours, or till a sufficient quantity of the water 
has ascended into the bottle, and has become impregnated 
with the gas. 


FLASK, for weighing gases, fig. 3, plate I.—The 
method of weighing gases is very simple and _ easily 
practised. For this purpose, however, it is necessary to 
be provided with a good air pump; and with a flask of 
very thin glass, furnished with a brass cap and stop cock, 
as shown fig. 3, plate I.; or mstead of the flask, a glass 
globe furnished with a brass cap and stop cock, fig. 43, 
plate I., or a, fig. 2, plate XI., may be used. A receiver, 
e, fig. 2, plate XT., is, also, required, to which astop cock 
is adapted, as shown in the design. 

Supposing the receiver e to be filled with any gas, the 
weight of which is to be ascertained, we screw the cock of 
the glass globe a, or of the flask fig. 3, plate [., on the trans- 
fer plate x of an air-pump, and exhaust it as completely 
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as possible. The weight of the exhausted vessel is then 
very accurately taken, even to a small fraction of a grain ; 
and it is screwed upon the stop cock of the receiver e, 
fig. 2, plate XI. On opening both cocks, the last of 
which should be turned very gradually, the gas ascends 
from the vessel e; and the quantity, which enters into 
the flask or globe, is known by the graduated scale on the 
receiver e. On weighing the flask a second time, we 
ascertain how many grains have been admitted. If we 
have operated on common air, we shall find its weight to 
be at the rate of about 31 grains to 100 cubical inches. 
The same quantity of oxygen gas will weigh about 34 
grains, and of carbonic acid gas upwards of 47 grains. 

In experiments of this kind it is necessary either to 
operate with the barometer at 30 inches, and the thermo- 
meter at 60° F. or to reduce the volume of gas employed 
to that pressure and temperature. Great care is to be 
taken, also, not to warm any of the vessels by contact 
with the hands, from which they should be defended by 
a glove. On opening the communication between the 
receiver and the exhausted globe or flask, if any water be 
lodged in the stop-cock attached to the former, it will be 
forcibly driven into the latter, and the experiment will be 
frustrated. This may be avoided by using great care in 
filling the receiver with water, before passing into it the 
gas under examination. d is a female joint for connect- 
ing the two male cocks of the receiver e, and the flask or 
globe a, 


FLASK, Winr Mourn, fig. 24, plate 1., fig. 60, plate 
I., and fig. 1, plate 1.— Wide mouthed flask, for connecting 
with the mouth of the flask, glass tubes, or other chemical 
apparatus, see thus, fig. 24, plate I., forms a convenient 
contrivance for collecting ammoniacal gas, without the aid 
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of a mercurial trough, as well as other gases, which cannot 
be collected over water, on account of being rapidly 
absorbed by it; its action is founded on the difference 
between the specific gravity of the gas, and that of 
common air. Thus, ammoniacal gas, which is much 
lighter than common air, may be obtained in the fol- 
lowing manner : 

Take the flask, a, fig. 24, plate I., put into it a mixture 
of equal parts of slacked quicklime and muriate of am- 
monia, previously separately reduced to a fine powder; 
adapt to the mouth of the flask a cork 4, into which is 
firmly fixed, and secured with sealin g-wax, astraight olass 
tube c, of about at of an inch in diameter, and invert over 
this tube the receiver or bell glass d, in such a manner 
that the upper extremity of tube c¢ reaches close to, or 
touches, the top of the receiver d, and then apply to 
the bottom of the flask a gentle heat, by means of a 
spirit lamp. The ammoniacal gas will thus be pro- 
duced;*and being much lighter than common air, and 
directed to the top of the receiver, it will expel the common 
air gradually out of the receiver d, and occupy its place. 
We will know when the receiver or bell glass, d, is filled 
with the gas, by a dense vapour being instantly produced, 
when a feather, or glass rod, moistened with muriatic acid, 
is br ought near to the open end of the receiver. 

Fig. 1, plate I. exhibits two wide-mouthed glass 
flasks put mouth to mouth, they are convenient for showing 
the action of various gases upon each other; for example 
—the production of muriate of ammonia, ity the union of 
muriatic acid gas; the production of nitrous acid, by the 
mixture fe nutrous gas and oxygen, &e. 


FORGE.—The common smith’s forge which needs 
no description, is of great convenience for the practical 
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operations of the laboratory; indeed, the modern dis- 
coveries made in philosophical chemistry have rendered 
this machine a particularly necessary appendage to every 
well regulated laboratory. To obtain the metals from the 
alcalies and earths, &c. the forge-hearth is very handy, 
By means of it long tubes may be exposed in a ready 
way, to an intense heat, whilst the operator, at the same 
time, is enabled to take them away from the fire quickly 
and to replace them instantly at pleasure, a circumstance 
which cannot be accomplished in any close furnace what- 
ever. For the smelting of metallic ores, the forge is by 
far the readiest and most commodious contrivance. 

The blow-pipe, when adapted to the double bellows 
of the instrument, is well suited for the purposes of blow- 
ing and blending glass, by directing the blast of air through 
a large skein of cotton, supplied for combustion with 
melted tallow. Even to kindle a fire quickly the forge 
is extremely useful; and by connecting a flexible leather 
tube to the blast-pipe of the bellows, a stream of air may 
be introduced into any furnace of the laboratory where a 
rapid blast is wanted. The small oblong trough attached 
to the forge-hearth, is convenient to hold hammers, pincers, 
and other instruments; when filled with water it serves as 
a bath for tempering iron or steel. As the smoke of the 
forge fire is very considerable, if common coal be employed, 
it is advisable to have a funnel-shaped sheet iron, or 
brick hood, over the fire, to carry away the smoke into 
the chimney. If dense coke, or coke and charcoal, be 
used as fuel, the hood is unnecessary, 


FORGE FURNACE.—See Furnace. 


FREEZING APPARATUS, fig. 24, plate XVI.—It 


consists of two concentric vessels, made of japanned tin, 
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The substance to be congealed is put into the interior 
vessel a, surrounded with a freezing mixture, whilst the 
outer vessel b, is filled with powdered ice, and muriate 
of ammoniac, or any other mixture capable of producing 
a great reduction of temperature; fig. 25, shows the cover 
of the vessel, which is also filled with the freezing materials, 


FREEZING APPARATUS, (Dr. Henry’s), fig. 60, 
plate I.—This is a convenient apparatus for freezing 
mercury in the small way, and at a cheap rate. The 
outer vessel of this apparatus is constructed of wood, fur- 
nished witha wooden cover, rabbetted inand furnished with 
a handle. Within this is contained a vessel made of 
japanned tin bb, on which rests a shallow tin pan ce. 
Within this second vessel  b is a third, marked d, made 
of untinned iron. When the apparatus is to be used, a 
freezing mixture, composed of muriate of lime and snow, 
or pounded ice, is put into the outer vessel @ a, so as com- 
pletely to surround the middle vessel b 5. Into the latter 
the vessel d, containing the quicksilver to be frozen, pre- 
viously cooled down by a freezmg mixture, is put; and 
this is immediately surrounded by a mixture of snow, and 
muriate of lime previously cooled to 0° Fahrenheit, by a 
mixture of snow and muriate of lime. The panc c is 
also filled with these materials, and the wooden cover is 
then put into its place. The apparatus is now left till-the 
quicksilver is frozen, which is also filled with the freezing 
materials. 


FREEZING APPARATUS, (Mr. Pepy’s), fig. 14, 
plate IV.—This is an elegant contrivance for experiments 
on artificial cold; well adapted for public exhibition. It 
consists of an exterior and interior oval vessel of japanned 
ivon. The interior vessel « @ being one inch less in every 
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direction than the outer one b); cc, are detached circular 
vessels, placed in the interior one, for containing the freezing 
mixtures. This apparatus is very convenient for exhibit- 
ing the freezing of quicksilver during the heat of summer. 
The freezing mixture employed may consist of sul- 
phate of soda and diluted sulphuric acid: but when ice 
can be procured it should be preferred, and used im the 
pulverized state with muriate of lime. When the apparatus 
is to be used with sulphate of soda and diluted sulphuric 
acid, it is advisable to dilute the acid the preceding day, 
-in order that it may be of the same temperature as the 
surrounding air, when the experiment is to be performed. 

This being done, let two phials of about four ounces 
‘ capacity of water be filled with diluted sulphuric acid, 
place them in the middle of the cylindrical vessels 
c c, and surround them with pulverized crystals of 
sulphate of soda, so as to fill the vessels ¢ c completely; 
and cool down the whole by placme it into the imterior 
vessel a a of the apparatus, by surrounding it with a freezing 
mixture, consisting of sulphate of soda and diluted sul- 
phuric acid. The cover of the apparatus (which is 
exhibited in the drawing) is to be put on, and when 
the latter is likewise filled with the same freezing 
mixture, the whole is suffered to stand for about 25 or 30 
minutes. The cover is then taken off, and the cylinders 
rae containing the sulphate of soda and diluted acid, 
are then emptied as expeditiously as possible into the large 
cylinder d, containing the mercury included ina glass tube 


or phial. 
FUEL.—See Hear anv ver, page 6. 


FUNNEL, fig. 7, plate XVi.—The common funnel 


requires no description. ‘The chemical laboratory should 
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be provided with funnels of glass, brown stone ware, 
porcelain, and tinned iron, of different creas, 


FUNNEL ror Separating DELIQquESCENT SALTs, 
fig. 4, plate XI.—a denotes a small circular stand, 
belding a funnel which has a very shallow rea, and 
a narrow tube c, terminating in a small bottle d, to collect 
the deliquescent salt, which has been occasioned by 
exposing the saline mass over the crea of the funnel, in 
the atmosphere. Fig. 6, plate X V., shows another modi- 
fication of the same funnel. 


FUNNEL, Hyprostatac, fig. 4, plate I.—The use 
of this funnel is to pour fluids imto retorts or other 
vessels in which an operation is going on, without ad- 
mitting external air, or deranging any part of the ap- 
paratus. It is evident that any portion of fluid poured 
ito the funnel a, more than sufficient to fill the two first 
parts of the bent tube, up to the level z, will escape by 
the lower extr emity 6; at the same time no gas can return 
through this funnel, unless its pressure be able to over- 
come the resistance of a column of fluid of the height of 
the leg of the funnel marked y, 2, a. 

_ Fig. 61, plate I, shows the adaptation of the funnel to 
a retort, fig. 5. —See also e, a » fi of fig. 8, plate ILL. ,fig. 9, 
plate IV., or a, 5, fig. 12, plate XIL: plate I, is another 
contrivance for the same purpose. It consists of a common 
funnel, in the throat of which is inserted a rod with a 
conical point, which regulates the passage of the fluid 
through the funnel, according to the firmness with which 
itis inserted.—Seealso v, fig. 9, plate IX. or x, fig. 51, plate I. 


FUNNEL, (Retort Funnez), fig. 5, plate 1—By 


means of this horizontal funnel, fluids may be introduced 
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into the body of a retort, to prevent the neck from be- 
coming soiled. 


FUNNEL, Sepraratory.—This name is given to the 
apparatus exhibited fig. 20, plate IV. It is always made 
of glass, and serves for separating liquids of different 
specific gravities, for instance, oil and water, by allowmg 
the heaviest only to drop out of the bottom of the vessel ; 
the stop-cock a at the bottom being closed, and the vessel 
then filled with the mixed liquors. When they have stood 
at rest till the heaviest has entirely subsided mto the nar- 
row part below, the stop-cock at bottom is opened, and 
when the stopper » at the top is loosened the heavier liquor 
flows out This vessel is used particularly for separating 
essential oils from the water which is necessarily entan- 
gled with them when collected from the water distilled 
from plants that yield them. Some of these are lighter 
than water, others heavier, and they are both separated 
with equal ease. Fig. 10, plate IX., is the same con- 
trivance without a stop-cock. 


FURNACE, Cuemicat.—The utmost degree of heat 
that can readily be produced by a common parlour 
stove supplied with coals, is barely sufficient to melt 
a thin silver coin, for example a shilling. But a very 
large number of the operations in chemistry are performed 
in a temperature not exceeding a full redness, and for 
many of these the common grate is amply sufficient, 
The flat iron sides or cheeks will also furnish an inferior 
heat, on which evaporating and digesting vessels may be 
set. The common grate however has two disadvantages, 
one, that the openness of the front causes the escape of 
a great part of heat, and incommodes the chemist in 
approaching it, and the other, that coal is a-very unsteady 
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variable fuel, giving much blaze and smoke, and requiring 
frequent stirring. 

Before we describe the proper chemical furnaces, we 
may shortly state what must be their object and construc- 
tion. , . 

The best construction of a furnace has not been well 
ascertained from experience, There are facts which 
show, that a fire made on a grate near the bottom of a 
chimney, of equal width thoughout, and open both above 
and below, will produce amore intense heat than any other 
furnace, What may be the limits for the height of the 
chimney is not ascertamed from any precise trials; but 
thirty times its diameter would not probably be too high. 
It seems to be an advantage to contract the diameter of a 
chimney, so as to make it smaller than that of the fire- 
place, when no other air is to go up the chimney than 
what has passed through the fire; and there is no pros- 
pect of advantage to be derived from widening it. 

In general, however, the flue of the chimney is made a 
little narrower than the ash-pit. A close furnace of this 
kind, intended simply for heating any vessel in the midst 
of the fuel, requires essentially no more than three open- 
ings, namely, the ash-hole, the chimney, and a side-door, 
through which to throw the fuel, and to introduce and 
take out the substance to be heated. : | 

Where distillation by naked fire is wanted, a small 
addition is required, and a hole must be cut level with 
the middle of the retort, through which its beak may 
emerge, and connect with the receiver or other vessel 
intended to collect the product. The retort in this case 
is generally of earthenware, 

Another object in furnaces is to apply a moderate degree 
of heat to larger vessels, which therefore can only be par- 
tially in contact with the fire. Most of the furnaces used 
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in manufactures and for many common purposes are of 
this kind, such as the common household coppers for heat- 
ing water, brewing coppers, salt-pans, &c. &c. Sand pots 
are also of this kind, and in all these, the substaace to be 
heated is placed over the fire, sometimes dipping into it. 
This also essentially requires only three openings, viz. the 
ash-pit, chimney, and door for fuel, the surface o/ the sub- 
stance heated being external to the fire. 

Another purpose in furnaces is to inclose and teat on all 
sides an earthen oven or muffle, the mouth of waich at the 
same time comes in contact with one of the nner sides 
of the furnace, and is freely accessible from without by a 
corresponding hole cut through the substanceof the fur- 
nace. ‘This, therefore, requires another opeung besides 
the three former already mentioned. ~ 

It is sometimes required in experiments of research to 
place an earthen or iron tube in such a mamier, that the 
middle of it shall be strongly heated whilst each end is 
cool, and projecting beyond the furnace, so that no part of 
the contents of the tube can come in contact with the fuel. 
This is done in a close furnace, by havnmg two holes 
through the sides directly opposite each other, through 
which the tube may be thrust. 

One more mode of distributing the heat of a furnace 
may be mentioned, which is, where the substance to be 
heated is neither to be inclosed in any-vessel, nor in actual 
eontact with the fuel, but is spread on a kind of floor 
immediately beyond the fire, in a spece between the fire- 
place and the chimney, and receives the heat from the 
flame which draws over it. This fos the reverberatory 


furnace, and requires a very peculiar construction.— See 


Reverseratory Furnace. 
The above are the principal objects tobe fulfilled in the 
. . a) | 
construction of chemical furnaces for general purposes, 
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but another great distinction is in the mode of supplying 
air, which may be either by the natural draught of air, or 
by bellows, or other artificial means. In the former case 
the rapicity of the current of air and consequent intensity 
of the firs, depends on having a sufficient space in the ash- 
pit and chimney, and especially a very great length of 
flue, andall the side-openings which would break the 
current, arefully closed. But with an artificial blast the 
strength cf fire depends solely on the degree of mechani- 
cal power employed in impelling the blast, and the chim- 
ney is altogether superfluous except to carry off the smoke. 
These kind of furnaces, therefore, are much simpler than 
the draught furnaces, as no more is required than a sim- 
ple hearth or a shallow pot, with a small hole at the bot- 
tom to conluct the air from the bellows. Large quanti- 
ties of materials, as in the smeltmg of iron, can hardly be 
heated to the utmost intensity without the artificial blast, 
and the assisiance of a blowing engine orsome other strong 
mechanical force, is necessary to keep up the constant 
supply of air. At least, much time and fuel are saved by 
the blast, for if the heat of the most powerful draught- 
furnaces, such as the porcelain kilns, may be brought to 
equal that of the iroi-smelting furnace, it requires, how- 
ever, a very large baly of fuel and a great many hours to 
bring it to the mtensty. But m the small way, for expe- 
rimental purposes, the highest temperature of the draught- 
furnace, when well built and properly attended to, appears 
to be no way inferior to the best blast, to judge by the 
comparative effects ; and the greater consumption of fuel 
and time is often fully counterbalanced by the saving of 
manual labour. | 

Some chemists have supposed that the heat of a fur- 
nace might be reiected from the sides, and concentrated 
into one focus, by giving it a circular or elliptical form. 


Frurnace. (427 


This, however, is found by experience to be perfectly 
nugatory, for no sensible difference is observed between a 
cylindrical, globular, or elliptical fire-place, provided the 
dimensions of the chimney and ash-pit are the same, 
There is, however, a method of concentrating the heat of a 
blast-furnace, by dividmg the blast into a number of 
smaller jets of air, and mechanically driving them towards 
a common centre. 

The materials of which furnaces are constructed is 
always a refractory clay, either in form of bricks, or, where 
the pieces of the furnace are small, of entire pottery. The 
larger kinds of black-lead crucibles make extremely 
useful portable furnaces for a variety of purposes, being 
very infusible, bearing pretty sudden heating without 
splitting, and having the additional advantage of being 
so soft as to be readily drilled by a gimblet, and cut by a 
saw or hacked knife, whereby openings may be made and 
stoppers fitted without difficulty. Large moveable fur- 
naces are often made of this kind of pottery, but much 
thicker than the common crucibles, and strengthened on 
the outside by iron hoops. A very useful white coarse 
pottery is employed in France for portable furnaces, which 
bears the fire extremely well, but when baked is too hard 
to be cut like our black lead ware. Moveable furnaces 
are often made ofa wrought-iron case lined on the inside 
with small fire-bricks, and the part immediately in con- 
tact with the fuel is further covered with a thick coating 
of Windsor loam, laid on when moist and plastic, and 
beat frequently with a wooden instrument when drying, 
to give it more compactness, and to fill up the small 
cracks which the shrinkage occasions. The fixed fur- 
naces are always built of fire- bricks (a very hard infusible 
brick, made for this express purpose) cemented with a 
very refractory mortar ; and the larger openings are either 
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iron doors set upon hinges, or sometimes a thick piece of 
free-stone, or a very large brick properly fashioned. There 
is a very soft red sandy brick sold in London, under the 
name of Windsor brick, which may be cut or scraped with 
great ease, and is extremely useful for stoppers, crucible 
stands, and many other smaller purposes, though it is too 
soft to bear any considerable pressure. 


FURNACE, Atr Furnace, (Knicut’s).—See page 
2g. 


FURNACE, Air Fornace, (Cuevix’s), page 30. 
FURNACE, Assay Furnace, page 40. 


FURNACE, ReveRBERATORY.— Figs. 2, 3, and plate 
XV.—Are the section and plans of a reverberatory 
furnace for experimental purposes. In this furnace, 
the fuel is contained in an anterior fire-place; and | 
the substance, to be submitted to the action of heat, is 
placed on the floor of another chamber, situated between 
the front one and the chimney. The flame of the fuel 
passes into the second compartment; by the form of 
which it is concentrated upon the substance exposed to 
heat, which is not confined in a separate vessel or cruci- 
ble, but placed on the floor of the furnace. When re- 
duced to a state of fusion, the meited mass is allowed to 
flow out through a tap-hole at h. The dimensions of this 
furnace it is scarcely possible to state, as they vary so 
considerably in different parts of it; but they may be 
ascertained by referrmg to the figures, and by the appli- 
eation of the scale. In all three figures, a represents the 
ash-pit; b the grate composed of moveable bars; ¢ the 
door at which the fuel is introduced; da door inthe side 
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of the chamber, for the purpose of inspecting the process ; 
e the floor of the furnace which descends, and is gradually 
contracted towards the back part; f another door for in- 
troducing and stirring the material; g the back part of 
the furnace, immediately under the chimney; A the tap- 
hole; ithe chimney. Fig. 4, and 5, exhibits the shape 
of fire bars best adapted for furnaces. 


FURNACE, Portasre Taste Furnace, (Knicut’s), 
figs. 6 and 7, plate XV.—This furnace is composed 
of strong iron plates lined with fire lute, the inside 
diameter is six inches; x shows the grate; b the ashpit 
door; d the door of the fire-place when used as a 
sand heat; e e two holes opposite to each other for trans- 
mitting a tube; g an opening for the retort neck, when 
used for distilling with the naked fire. 

Fig. 7, A different view of the same furnace; x, the 
grate; c the register to the ash-pit. The other letters 
correspond with the explanation of the preceding figure. 

For this furnace the proper fuel, when it is used as a 
wind-furnace, is wood-charcoal, either alone, or with the 
admixture of a small proportion of coke. For distillation 
with a sand heat, charcoal, with a little pit coal, may be 
employed. 


FURNACE, Brack Leap Taste Furnace, fig. 11, plate 
X.—These furnaces, which are made of two large black 
lead crucibles, aa, applied mouth to mouth, and strength- 
ened with iron hoops, b b, are not capable of producing a 
strong heat, but may be employed for many ordinary 
purposes. Their size enables them to be used on the 
table, and to move them to any place where wanted. 
The fuel to be burnt in these furnaces is charcoal ; they 
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are brittle, and consequently liable to accidents, parti- 
cularly when hot: x is the sheet iron chimney. 


FURNACE, Fixep Universat, Figs. 1, and 14, 
plate XV.—The inside of this furnace is nine inches 
square, and sixteen inches deep from the top to the grate. 
The face of the opening rises at an angle, which 
makes the back part five inches higher than the front. 
This contrivance enables us completely to cover a large 
retort with fuel, without obstructing the passage of the 
air, and also relieves partly the weight of the cover, when 
it requires to be moved. The walls of the furnace are at 
least a brick and a half in thickness, and as much more 
as local convenience will allow. By sinking the ash-pit 
below the level of the ground, the height of the fur- 
nace need not exceed eighteen inches, which renders the 
management of the fuel much more easy, and subjects 
the face and hands less to the action of the heat. The 
ash-pit a, must be at least eighteen inches deep, below the 
surface of the ground, and more if convenient. It must 
have an opening, projecting from it three or four feet, to 
be covered with boards, and with an iron grating next 
the furnace. This preserves the legs of the operator from 
the action of the fire. 

The grate 5 is formed of separate bars, each of a trian- 
gular shape, three fourths of an inch apart, and resting 
on two. bearers. In the front of the furnace, an iron bar 
is to be placed to support the brick-work, and to leave an 
opening, through which the bars may occasionally be 
drawn out, and the fire be raked and cleared of the slag. 
The chimney e is two and a half inches from the top, and 
four and a half wide, by two and a half high. 

To fit this furnace for occasional distillation with the 
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naked fire, an opening, d, is left on one side, which 
is filled up, when not wanted, by five pieces of soft 
fire-brick, cut to a proper Shape, and secured by a 
clay lute. It is proper, also, to be provided with other 
pieces, having arched openings for transmitting the neck 
of aretort. One of these pieces may have a round hole 
for occasionally transmitting a tube, and a corresponding 
hole must then be made in the opposite side of the 
furnace, to be closed, when not wanted, with a stopper. 


FURNACE, (Dr. Henry’s) Winn Furnace, fig. 8, 
plate XV.—This furnace may be used either as a wind- 
furnace, or for distillation with a sand heat. Its total 
height outside is thirty-three inches, and the outside 
square is eighteen inches, or two bricks laid lengthwise. 
The thickness of the sides of the furnace is the breadth of 
a brick, or four and a half inches; but whenever there is 
room, it is better to make them nine inehes in thickness. 
From the top of the furnace to the grate, which is move- 
able, and supported by two bearers, the height is thirteen 
inches. It has a double Rumford door: or in pre- 
ference, a hole closed by a moveable earthen stopper, for 
introducing fuel. The ash-pit should have a register 
door. The chimney is four inches wide by three high, 
and may either be furnished with a damper or not. On 
the top of the furnace a cast-iron ring is fixed, ten inches 
inside diameter, three inches broad, and half an inch 
thick. It is secured in its place by three iron pins, pass- 
ing through three equidistant holes in the ring, and bent 
at the distance of nine inches at a right angle. These 
serve the purpose of binding the ring firmly into the 
brick-work. The sand pots are of different sizes; and a 
variety of them may be made to fit the same ring, by 
varying the breadth of their rims. The bricks should be. 
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comented together, at least for the mner half of their 
breadth by loam, or by a mixture of Stourbridge clay, with 
two or three parts sand, and.a proper quantity of water. 

When this is used as a wind-furnace, the opening in 
the side is to be closed by its stopper; or, if a Rumford 
door be employed, it must be defended from the fuel by 
a fire tile. The fuel (coke) is introduced at the top, 
which is occasionally covered by a fire tle. When dis- 
tillation with a sand heat is performed, the sand pot rests 
on the iron ring, and the fuel, which may be common pit 
coal, is added through the opening in the side. It may 
be proper to state, that in orde€® to receive a sand pot of 
as large a size as possible, the upper course of brick 
should be bevelled within the furnace, and the width at 
the top may exceed a little that at the grate. 

The best Stourbridge or Newcastle-on-T yne fire bricks 
are necessary in constructing this and all other fixed 
furnaces. 


FURNACE, (Barvet’s), for making gazeous oxyd of 
carbon, fig. 1, plate I1I.—The object proposed in this 
arrangement is to oblige the gas evolved from carbonate 
of lime to traverse charcoal contained in three gun-barrels, 
b, c, d, and thus to saturate itself with all the carbon it can 
dissolve. It may likewise be used for procuring sulphu- 
retted hydrogen, carburetted hydrogen, phospkoretted 
hydrogen, and for saturating gases with any gazeous 
substance, when a high temperature is requisite for that 
purpose. The apparatus, however, is too complex, too 
expensive, and too easily put out of order, to deserve 
general adoption. Fig. 2, shows a horizontal section of 
the furnace; a a a are tle gun-barrels; in fig. 9 b is a 


pneumatic cistern, and ¢ the bottle from y. hich gas pro- 
ceeds into the barrels. 
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FURNACE, (Kyicut’s,) Winv-Furnace.—See Arr 
Furnace, p. 29. 


FURNACE, (Arxin’s), See Buast Furnace, page 54. 


FURNACE, Universat Portasce, fig. 1, plate 
XV. and geometrical view of the same furnace, fig. 
14, plate If.—Among the whole group of apparatus 
designed for applying heat to bodies, this furnace un- 
doubtedly is for the purposes of experimental chemistry 
the most usefu', however numerous and different the 
operations to be performed may be. It may be used with 
perfect safety in a room, and is, therefore, well calculated 
for those operators who have no access to the laboratory, 
as well as for public lecturers on chemistry. A very 
large number of chemical processes may be carried on in 
this furnace commodiously and at a cheap rate. 
~ For the smelting of metallic ores, or for operating with 
the crucible, the vessel with its.stand or support is placed 
on the grate, in the midst of the fire, the larger opening, 
which in the design is eccupied by a sand pot, a, in whicha 
retort. is placed, (or mouth of the furnace), is closed with 
its cover, and the fuel introduced at the we or through 
one of the openings in front ce. 

When distillation by the naked fire is to be performed 
with this furnace, the retort is placed in the fire, on a 
crucible stand, and the beak of it is made to pass through 
one of the front openings c,c. The same proceeding serves 
to obtain such gases as cannot be disengaged without 
exposing the materials that afford them to a red heat, viz. 
oxygen from oxyd of manganese, gaseous oxyd of 


carbon, &c. 
For distillation, or sublimation from the glass retort, 
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or the alembic, an iron sand-pot, fig. 23, plate XVI. or 
fig. 32, plate I. is put in its place as shewn in the design; 
the fuel then is added through one of the front openings, 
c,c. In this sand-bath may likewise be placed flasks, 
digesters, mattrasses, evaporatories, and other vessels, 
to receive an uniform, safe, and gradual heat. 

For evaporation by the water bath, a shallow pan, 
(figs. 10 and 16, plate XVI.) filled with water, and placed 
on the mouth of the furnace, may be employed. 

For roasting metallic ores, and other minerals, to free 
them from sulphur, arsenic, &c. a mufile, fig. 16, plate I. 
should be placed, or better luted with clay, in the lower 
front opening; the fuel is then introduced at the top or 
mouth. To assay gold or silver, and to enamel or paint 
on glass, the same arrangement is convenient. 

The decomposition of water, by passing steam over ignited 
iron or charcoal, may be performed by laying an earthen- 
ware tube, x, fig. 14, plate II. or gun barrel through the 
side openings, as shewn in the design. The middle part 
of the barrel may thus be made red hot, whilst each 
extremity is readily kept cool, and may be connected 
with any kind of apparatus. 

For evaporating by the naked fire, the iron rings 1, 2, 
shown near fig. 22, plate XVI. which are of different 
sizes, serve to lessen the upper opening of the furnace on 
which they are put, so as to adapt it to the size of the 
evaporatory vessel, whatever its diameter may be. The 
largest ring is first placed on the mouth of the furnace, 
the second in size is put on the first, &c. until the opening 
is sufficiently lessened. | 

The different apertures which are in the front and 
sides of this furnace are provided with solid stoppers of 
crucible ware, fitted by grinding, to close the apertures, 
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consequently, whenever one or the other is not employed, 
they are further covered with iron doors, to keep out the 
air effeetually. 

The register doors at the ash-pit, serve as dampers to 
regulate the heat with precision, by admitting or excluding 
air at pleasure, when more or less opened or shut. To 
increase the draught of the fire on particular occasions, an 
iron pipe, eight, ten, or twelve feet long, and not less than 
four or five inches in diameter, may be added to the short 
chimney, /, which can be adapted to any fire-place; by 
this means the draught is augmented prodigiously. It is 
not essential that this pipe should be extended perpen- 
dicularly; on the contrary, it may be placed horizontally, 
oblique, or proceed in any direction as local conveniences 
will allow: the waste heat produced by this pipe may be 
employed to warm the laboratory, or for other purposes. 
‘ And as this furnace is very heavy, being made of strong 
hammered sheet iron and lined with fire bricks within, it 
is placed upon castors, and strong ring handles are affixed 
to its sides, that it may be moved along the floor without 
much trouble. 

The fuel to be used, ifan intense heat be wanted, should 
be coke and charcoal mixed in about equal quantities, 
and broken into pieces of the size of an egg; for ordinary 
purposes common coal answers very well. The height of 
this furnace from the grate to the top, is fifteen inches; 
the cross diameter within ten; the height of the ash-pit 
to the grate is seven inches; the front openings, ¢, c, 
measure four inches by three and a quarter. The fire- 
bricks with which the body of the furnace is lined, are 
wedge-shaped, and cemented together by fire lute, to 
render them not liable to become injured by accidental 
blows, &c.; they are, moreover, interlaced with slips of 
Sheet iron, bent twice at right angles, to clamp them 
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together, and to bind the whole lining to the outer case of 
the furnace. The interval between the brick work and 
the outer coat of the furnace, which is two inches and a 
half thick, is filled with charcoal powder and loam, which 
mixture confines the heat effectually. 


FURNACE, Cuemicat Lamp Furnace, fig. 6, plate 
VII., or fig. 16, plate 11.—The lamp-furnace, as it is 
perhaps not very properly called, is one of the most conve- 
nient means of applying the brilliant flame of an Argand’s 
lamp to the purposes of experimental chemistry. A vast 
number of chemical operations may be performed with great 
speed, precision, and perspicuity, by means of it. Indeed 
the lamp-furnace may be used for almost every one of the 
operations of chemistry in the small way, which require a 
temperature not exceeding a dull red heat. The process 
of digestion, the sublimation of salts, the solution of earthly 
and metallic bodies, the concentration of liquids, all the 
multifarious processes of distillations by the sand-bath, 
and by naked fire, the production of gases with the 
pneumatic apparatus, and even the fusion of earthy mi- 
-nerals with alcalies for analysis, may commodiously be 
accomplished, at a trifling expense, on the table, with the 
help of this instrument. Besides the heat produced by 
the lamp-furnace has the capital advantage of being 
easily regulated: it may at pleasure be suppressed in- 
stantly, or maintained for several hours at a constant and 
determinate intensity. These advantages alone will be 
valued properly by those who know that the most expe- 
rienced and most attentive chemists meet in practice with 
frequent accidents, by which both the vessels and the 
products of the operations are lost for want of power in 
the proper management of the fire. It is thus also that a 
number of minute circumstances, which are essential to 
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be known to the student, pass away unnoticed among the 
farnaces of the regular laboratory, which may be observed 
when the same process is conducted on the table, and 
under the immediate eye of the experimenter. Tig. 16, 
plate II. exhibits a lamp-furnace im action, connected 
with an apparatus, to shew the formation of a gas. Fig. 
9, plate 1V. exhibits a lamp-furnace, it consists of a brass 
rod,a, fixed into a solid brass foot loaded with lead + ; on 
this rod slide three metallic sockets with straight arms, to 
which are screwed brass rings of different diameters, ccc, 
for supporting a glass basin d, or a flask e, and each of 
these rings may, by means of a milled head and screw fff, 
be set at different heights. Below these rings is placed a 
spirit lamp g, supported on a wooden sliding stand, (fg. 
11,) which may be elevated or depressed in order to 
cause the lamp to communicate more or less heat to 
the vessel suspended over it. 


FURNACE, Lame Furnace, witn Concentric Wicks, 
fig. 6, plate VII.—In this lamp-furnace a second cy- 
lindrical wick is added to the common Argand’s lamp 
of the apparatus. These two wicks being concentric, 
and each of them having an interior and_ exterior 
current of air, a double flame is caused, and the power of 
producing heat is augmented to more than three times 
that afforded by the ordinary lamp of Argand; a circum- 
stance which renders the use of this apparatus in the 
small way, almost equal in effect to a sand-bath. The oil 
to be burnt in this lamp should be of the very best kind. 

Fig. 9, plate VII. shews a perspective view of the wick- 
holder of the lamp, and fig. 7, plate VII., is a perpendi- 


cular section of it. 


FURNACE, Lamp Furnace, (Gurrons’), fig. 13, plate 
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1V.—A, is the body or reservoir of the usual Argand Lamp, 
with a shade and glass chimney; ) a thumb screw for raising 
the lamp, d a support, consisting of a round stem of brass 
formed of two pieces, which screw together at about 2 of 
its height. Upon the circular ring e, the arm f and the 
nut g slide, and are moveable by its respective thumb screw. 
The arm also carries a moveable piece A, which serves to 
suspend the vessels m a convenient situation, or to secure 
their position. The whole support is attached to the 
square iron stem of the lamp by a piece of hard wood i, 
which may be fixed at any required situation by its screw ; 
k represents a stand for the receivers. Its moveable tablet 
l, is fixed at any required elevation by the wooden screw 
_m. The piece which forms the foot of this stand is fixed 
on the board x; but its relative position with regard to 
the lamp may be changed by sliding the foot of the latter 
between the pieces 00; p, another stand for the pneumatic 
trough. It is raised or lowered, and fixed to its place, 
by a strong wooden screw, g; 7 is the tube of safety, or 
reversed syphon, invented by Welter, (see Tube of Safe- 
ty). The arrangement of this lamp furnace is complex, 
which renders it expensive and cumbersome. 


GASOMETER.—The extended application of the 
- gasometer in the practice of chemistry is sufficiently 
known. One of the most simple gasometers, and which 
answers sufficiently, for all common experiments, is that 
represented in fig. 18, plate XI. It is made of tinned 
iron, the surfaces of which are japanned. It consists of 
two principal parts; a large vessel a, somewhat bell- 
shaped, which is designed to contain the gas, and a cylin- 
drical vessel of rather greater depth, 6, in which the 
former is placed, and which is designed to contain the 
water by which the gas is confined. To diminish, how- 
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ever, the quantity of water, this cylindrical vessel has a 
cone within it, also of japanned tinned iron, adapted to 
the shape of the gas-holder, so that this latter slides be- 
tween this and the cylindrical vessel, and a small quantity 
of water is sufficient to fill up the space between them. 
The vessel designed to contain the gas, is suspended by 
cords hung over pulleys, to which weights are attached, 
so as to counterpoise it. From a stop-cock d, at the 
under part of the apparatus runs a tube under the cylin- 
der, which rises through the centre, passing through the 
cone, the opening by which it passes being soldered so as 
to be air-tight, and terminating by an open mouth at the 
upper part of the bell-shaped vessel a. This tube, at the 
part where it is bent at right angles, to ascend as has 
been described, is connected with another tube which also 
runs under the bottom, and ascends on the outside, termi- 
nating in the stop-cock e, so that from one stop-cock to 
the other, through the gas-holder, there is an wninter- 
rupted passage. When the instrument is to be used, the 
stop-cock d is opened, and the vessel a pressed down, a 
sufficient quantity of water being in the outer cylinder; 
the air of the vessel is forced out by the pressure, and its 
place is occupied by the water in which it is thus im- 
mersed. When this is effected, the stop-cock is closed, 
and now, if we wish to introduce any gas into the appa- 
ratus, a bent funnel, the mouth of which is placed ina 
vessel of water, is attached to the tube of the stop-cock d, 
and the stop-cock is opened. If the extremity of a retort, 
or of a tube conveying gas, terminate below the orifice of 
the funnel, the gas will rise along the tube, will ascend 
to the top of the gas-holder, and this being counterpoised, 
will, as the gas enters, rise in the water until it is filled, a 
quantity of water, of course, remaining around the mouth 
of it, by which the gas is confined. When we wish 
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to expel the gas, the stop-cock d is closed, that at e is 
opened, a flexible tube f is adapted to it, and the 
bell being pressed down, either by the hand, or by its 
own weight from the removal of the counterpoising 
weights, a stream of gas Issues from the extremity of the 
flexible tube, and may be tranferred into a jar, or ap- 
plied to any other purpose, and its quantity may be mea- 
sured by the mstrument bemg graduated by a scale 
marked on the rod f. Besides the ordmary purposes to 
which it is applied, namely, to enable the chemist to col- 
lect and to preserve large quantities of gases, this machine 
may be used as an excellent blowpipe, to keep up for a 
long time an uninterrupted blast of air; the velocity of 
the stream may be increased or diminished at pleasure, by 
the pressure which the operator applies to the bell d, of 
the machine. In substituting oxygen gas for common air 
in the gasometer, an opportunity is given to excite the 
most intense heat that combustion can produce. — For 
breathing gases, the gasometer is the most convenient in- 
strument. 

The gasometer exhibited fig. 9, plate XI. being repre- 
sented as transparent, shows the construction of the ap- 
paratus more distinctly. It differs in nothing from the 
former, except in the arrangement of the pullies; fig. 6, 
plate V. shows the gasometer connected with two gas- 


holders. 


GASOMETER, Mercurgat, (Prrys’s,) fig. 12, plate 
X1I.—For experiments on gases, which require much 
accuracy, and which cannot be performed over water, 
this gasometer, which is made of cast iron, is extremely 
useful. The experiments may be performed by means of 
it, on a tolerable large scale, although the necessary 
quantity of mercury to fill the gasometer, &c. is compa- 
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ratively small. The apparatus, however, is too costly and 
too easily put out of order to be accepted with welcome 
among the generality of the cultivators of chemical 
science. 

d, is a representation of the bell of the gasometer, 
made of glass, furnished with a cock at top, and able to 
contain 34 ounces troy of distilled water. The divisions 
of capacity, determined by actual measurement, are marked 
on the glass with a diamond. B B, section of two cylin- 
ders of cast iron, the outward one screwed upon the solid 
internal one, which is made to project at its lower ex- 
tremity, and furnished with a male screw, to work into a 
female screw with which the lower end of the external 
cylinder is furnished. ~The space between these is so 
adjusted as to be almost filled up by the substance of the 
glass bell a when dropped into it, so that the quantity of 
mercury necessary to fill up that space is proportionally 
small. The internal cylinder has a conducting tube up 
through its axis, the lower end of which is furnished with 
a female screw answering to the male screw of the cock 
of the small receiver c. The receiver c is made of glass, 
and open at bottom. When this receiver is used, it is 
screwed into its place, and rests upon a small cup or cistern 
of mercury d, in which the beak ofa retort, furnished with 
a bent glass tube, to be afterwards noticed, may be intro- 
duced under the receiver. F,e,+,e, section of a wooden 
stand upon which the cast iron cylinders are support- 
ed, having an opening through the top to permit the 
cock of the receiver ¢ to be joined to the conducting tube 
of the internal cylinder b. The cistern d is adjusted to 
its height by means of a rising cylinder in the pedestal /f. 
a, fig. 2,a glass globe and stop-cock, for weighing gases : 
it receives its gas by being inverted, and screwed into 


the bell glass e. Fig. 15, is a bladder furnished with a 
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stop-cock to assist in holding, transferring, or mixing dif- 
ferent gases; fig. 11, is an elastic gum-bottle, capable of 
containing 30 ounces of distilled water, for holding acid 
gases: when used, it is screwed into the top of the receiver 
€, fig.2; the bottom cock of the thin transfer, x, being at the 
same time joined to the bell e, previously charged with the 
alkaline gas: the cocks being turned, the gases rush 
together in vacuo. Fig. 13, a small portable exhausting 
air-pump, for exhausting the globe a. d, a double female 
screw, which fits any part of the apparatus, and on which 
a valve may be fastened. 

One of the principal objections to the use of mercury 
m such experiments as this apparatus is intended for, has 
been, the great force necessary to overcome the resistance 
of a column of mercury when gases are to be received 
over that dense fluid; a resistance in the proportion of one 
inch of mereury to fourteen inches of water, and which 
very few lutes are able to withstand. This resistance is 
here overcome by a very simple contrivance: a bent tube 
fitted into the beak of theretort x, Gf one be employed), or 
into a Wolf’s apparatus, and passing into the upper part of 
the small receiver, as expressed in the plate atc. By em- 
ploying mercury for such experiments, another advantage 
is gained by the use of this apparatus, namely, a power of 
exhaustion in the retort, or Wolf’s bottle, equal to a co- 
lumn of two inches of mercury, or 28 inches of water. 
This will be easily conceived when it is recollected that, 
by drawing up the large receiver a, the small one c is 
raised in its cistern, bearmg up with it the contained mer- 
cury, which is kept in its place by the pressure of the 
atmosphere on the surface of the mercury in the cistern. 
The cock of the small receiver is then to be turned off, 
and that of the large one to be turned on. The air, of 
which the retort, or wolf’s bottle, is thus exhausted, may 
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then be let out, by plunging the smali receiver into the 
mercury between the cylinders, and turning off the cock. 
When a sufficient quantity of gas passes from the retort, 
or bottle through the bent tube to level the mercury in it, 
and the cistern, the communication may again be opened, 
and the same steps followed as before described. By this 
means we are enabled to obtain more gas from the same 
materials, than if we had received it through a fluid 
of the weight of water; a circumstance of some import- 
ance where nice and accurate results are looked for. 

The plate of the apparatus is on a scale of nearly three 
inches to a foot. 

Fig. 1, plate XI., is an elastic gum bottle, adapted to 
fit the stop-cock, at the top of the bell of the gas- 


ometer. i 


GASOMETER, Mercurzar, (Ciayriexp). Fig. 8, 
plate V. fig. 2, plate V. represents a section of this 
machine, which consists of a strong glass cylinder a, ce- 
mented to one of the same kind J, fitted to the solid 
block c, into which the glass tube d is cemented for con- 
veying air into the moveable receiver e. 

The brass axis having a double bearing at a, a, is ter- 
minated at one end by the wheel g, the circumference of 
which is equal to the depth of the receiver, so that it may 
be drawn to the surface of the mercury by the cord 6 in 
one revolution: tothe other end is fitted the wheel h, over 
which the balance cord e runs in an opposite direction in the 
spiral groove e; a front view of the wheel h is shewn at 
fig. 11. 

Having loaded the receiver with the weight 7, some- 
thing heavier than may be necessary to force it through 
the mercury, it is balanced by the small weight 4, which 
hangs from that part of the spiral where the radius is 
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equal to that of the wheel g, from this point the radius 
of the spiral must be increased in such proportion, that 
in every part of its circuit, the weight 4 may be an exact 
counterpoise to the air-holder. In this way, so little fric- 
ton will be produced, that merely plunging the lower 
orifice of the tube d under mercury contained in the small 
vessel /, will be sufficient to overcome every resistance, 
and to force the gas discharged from the beak of a retort 
into the receiver, where whatever may be its quantity, it 
will be subjected to a pressure exactly corresponding to 
that of the atmosphere. The edge of the wheel / being 
graduated, the balance cord c may be made to indicate 
its volume. 

Should it at any time be necessary to reduce the pres- 
sure to the medium standard of the barometer, it may 
easily be done by graduating the lower end of the tube d, 
and adding to the weights 7 or k, as may be found neces- 
sary; the surface of the mercury in the tube pointing out 
the increase or diminution. 

The concavity at the top of the ternal cylinder is in- 
tended to contain any liquid it may be thought proper to 
expose to the action of the gas. 

The upper orifice f, with its ground-stopper, is parti-. 
cularly useful in conveying air from the retort g, with its 
curved neck, into the receiver, without its passing through 
the tube d. In all cases where a rapid extrication of gas 
is expected, the retort g, should be firmly luted to the 
orifice, and the weight 7, removed from the top of the re- 
ceiver, this by diminishmg the pressure, will admit the 
gas to expand freely in the air-holder at the instant of its 
formation, and prevents an explosion of the vessels. The 
same caution must be observed whenever any inflamation 
of gas is produced by the electric spark. 


a 
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The air may be readily transferred through water or 
even mercury by the tube h. 

To prevent an absorption of mercury in case of a con- 
densation taking place in the retort made use of for ge- 
nerating air, Sir H. Davy has applied the stop-cock 7, to 
which the neck is firmly luted. This stop-cock is like- 
wise of great service in saturating water with acid or 
alkaline gases, which may be effected by luting one end 
of the tube & to the stop-cock, and plunging the other 
into the fluid in the small vessel 7, cemented at top, and 
terminating in the bent funnel m—the tube h having been 
previously removed, and the lower orifice of the tube d 
either sunk to a considerable depth in mercury, or closed 
with a ground stopper. The bend of the funnel m, may 
be accurately closed by the introduction of a few lines of 
mercury. | 

The application of the stop-cock n, has enabled Sir H. 
Davy to perform some experiments on respiration with 
considerable accuracy. 


GAS BOTTLE, fig. 2, plate IX., and J, fig. 18, plate 
1].—When a gas is extricated, in consequence of chemical 
action, with the application only of a moderate heat, the 
glass flask or bottle with recurved tube is used. All these 
kind of bottles should be blown very thin at bottcm, that 
they may support the heat of a spirit lamp suddenly ap- 
plied, without cracking. In fig. 2, plate [X., the tube is 
fitted into the neck, by grinding ; it is curved nearly in the 
form of the letter s, In the tubulated gas bottle, fig. 18, 
plate IT., the body of the bottle 1s represented as containing 
a fluid in the act of combining with a substance that gives 
out air, which passes through the tube into the jar a, under 
whose mouth the other extremity of the tube is placed. 
For if a glass jar be filled with water, and placed inverted 
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on the shelf of the pneumatic trough, as shown in the 
design, the trough being filled with water to the edge, it 
is obvious that the mouth of the inverted jar being sur- 
rounded with water, the fluid within it will be sustained 
by the pressure of the atmosphere. If while thus filled, 
the extremity of the recurved tube connected with the 
bottle disengaging gas, be placed under it, or if another 
inverted jar, containing any air, be turned up, under the 
mouth of the bottle, advanced a little over the shelf, the 
elastic fluid, in either case, will rise through the water, 
displace it, and be collected in the jar; and while the 
mouth of this jar continues surrounded with water, the 
included air cannot escape, nor will the atmospheric air 
find access to it. In this way, then, aériform fluids can 
be collected and preserved. Of these kinds of gas bottles, 
several will be required, of different sizes and shapes, 
adapted to different purposes, for a well furnished labo- 
ratory. If they cannot be procured, a Florence flask, 
with a cork perforated by a bent glass tube, or even by a 
tin pipe, will serve for obtaming some of the gases.—See 
fig. 17, plate II.; or, if the extrication of the gas requires 
no external heat, a common phial a, fig. 3, plate IX., 
furnished with a tube , bent at right angles will do very 
well, If the gas be much heavier than common air, it 
may be collected without water, as shown fig. 51, plate I. 


GAS APPARATUS, (Dr. Urn’s) for analysing gazeous 


bodies. —See SyeHon FoR ANALYSING GASES. 


GAS HOLDER, (Cavatio’s).— See Air Hoxper, 
page 32. 


GAS HOLDER, (Warrs’s).—See Ar Hoxper, 
page 31. e 


Galvanic Trough. 147 


GALVANIC TROUGH, an invention of Mr. 
CruicksHank.—It consists of a trough of wood, in the 
sides of which are cut grooves, at the distance from each 
other of from + to 3 of an inch, according to the width of 
the box. Plates of two metals, usually copper and zine, 
from three to six, or eight inches square, are soldered 
together, and this soldered or double plate is inserted in 
the first groove of the box, and fixed in it by a cement of 
resin and wax, so well applied that no liquid can pass 
through. This is repeated, fixing a double plate in each 
groove, and taking care that the order in which they are 
inserted shall not be reversed, but that the copper side 
shall always be towards the one hand, the zinc to the 
other. ‘The space, therefore, between each pair of plates, 
forms a cell for the purpose of containing the liquid, by 
which the combination is to be made active. The advan- 
tage of this contrivance over the galvanic pile is, partly, that 
it is much more easily put in order; and, besides this, it is a 
more efficient instrument. When constructed in the way 
which has been described, it affords an example of a 
galvanic combination of the first kind, formed by two 
perfect and one imperfect conductors. But it admits of 
of being modified, by cementing, into the grooves, plates 
of one metal only, and filling the cells, alternately, with 
two different liquids, as diluted nitric acid, and solution 
of sulphuret of potash. In this case, we have a battery 
of the second order, formed by the repetition of one per- 
fect and two imperfect conductors. For the arrangement 
of other galvanic powers, the reader is referred to Dono- 
van’s Essay on Galvanism, and Singer on Electricity and 
Galvanism. 

The following design represents another contrivance 
of a galvanic trough, with the plates out of the cells. 

2 
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GALVANIC TROUGH, with moveable plates. 


The zinc and copper plates, instead of being soldered 
together in pairs, as in the common galvanic trough, are 
here detached, and a communication between them is made 
at the upper edge, by means of a projecting piece, or me- 
tallic are, from the centre of each plate. They are com- 
bined for the sake of convenience, in sets of twelve pairs, 
by means of a wooden rod. The trough is made of por- 
celain ware, divided into cells or partitions, corresponding 
to the number of pairs of plates in the trough. The 
plates, which are zine and copper, may be introduced into 
this trough, so that one of the pairs of plates is at the one 
side of each partition, and the other at the other side; the 
connecting pieces, or arcs, projecting from the centre of 
each plate, forming the connecting arc, passing over each 
partition, and a plate of zinc, and one of copper, is thus 
placed m each cell. By this contrivance both surfaces of 
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the plates are acted on, and the whole series may be lifted 
out of the cells when not wanted for action, and supported 
upon two perpendicular iron rods, affixed to an outer 
wooden case of the trough, which is intended to protect 
the porcelain trough from accidents, as shown in the 


sketch, 


GALVANIC BATTERY.—A number of galvanic 
troughs connected together have received the name of 
batteries ; and these machines are said to belong to the 
first or second order, according as the simple combinations 
of which they are formed are composed of substances of 
the first or second order of conducting arrangements. 

That end of the battery to which all the copper sur- 
faces are turned, is called the copper extremity : that to 
which the zinc surfaces incline, is called the zine extre- 
mity. 

The fluids used for filling the trough, are either nitric 
or muriatic, or sulphuric acid, diluted with water or a 
mixture of these acids. No fluids except such as contain 
water can be employed in the Voltaic apparatus. Ni- 
trous or muriatic acid, is, on the whole, preferable to any 
other; one part of nitrous acid, of the usual strength, 
being diluted with twenty or twenty-five parts of water. 
By this fluid, too, the surfaces of the plates are kept 
always clean, as it dissolves the oxyd formed. If muriatic 
acid, which is less expensive, be used, the proportion 
may be one part to sixteen or twenty of water. Muriatic 
acid is preferable to all other liquids; the nitric acid is 
more powerful in the same proportion, but its cost is 
four times as great, and it destroys the copper plates as 
well as the zinc.’ The nitrous gas evolved by its action 
is also much more unpleasant to the operator than hydro- 
gen, which results from the employment of muriatic acid. 
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Mr, Children recommends a mixture of three parts fuming 
nitrous acid, and one of sulphuric acid, diluted with thirty 
parts of water. 

In fillmg a galvanic trough with the fluid, it should be 
observed that it does not rise higher than about 4 of an 
inch from the upper edge of the plates; and after the 
filling of the trough is completed, the upper edges of the 
plates, as well as the edges of the trough, should be care- 
fully wiped dry, that there may be no communication 
between the fluid m the cells, but through the metallic 
substances. When the trough has been used with any 
of these fluids, it requires merely to be washed with water 
at the end of the experiment. The fluid may be bottled 
up, and reserved for future use; and if the most powerful 
action of the trough is not required, the same mixture 
may be employed several times. Here it may be worth 
while to notice, that the precaution of emptying the trough 
should be invariably observed, as soon as the experiments 
for which it was filled and prepared are finished ; by this 
management there will be a considerable saving, both of 
the fluid and of the surface of the plates, which undergo 
oxydation. In combining together two or more troughs or 
batteries, to have the full effect of such a number of plates 
as may be employed, in proportion to the extent of their 
surfaces, the surface of the plates im each trough should 
be the same; otherwise, if troughs of different extent of 
surface be employed, the action of that trough which has 
the largest surface is diminished, and reduced to that of 
the action of the trough whese plates have the smallest 
extent of surface. 

The plates of course must be opposed to the surface of 
a different plate; as, for instance, the zinc surface of one 
of the plates must be constantly opposite to the copper 
surface of the next plate in the series. The different 
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trough thus uniformly arranged, are to be connected 
together by means of metallic conductors. A slip of cop- 
per, for instance, about half the width of the trough, is 
inserted by its opposite extremities in the cells of the ends 
of two of the troughs. 

To produce a shock by the galvanic trough, fill each 
interstice of the trough with the dilute acid, or selected 
solution for use, which is easiest done by elevating one 
end of the trough, and pouring the liquid into the first 
cell; the rest will successively fill of themselves, taking 
care not to fill the trough so that the tops of the plates 
will be covered with the liquid when laid down level. 
Then let the operator moisten both his hands with brine 
or water, and grasp a silver spoon or other piece of metal 
ineach. If one extremity of the plates in the trough be 
then touched with one spoon, and the other extremity or 
the last plate in the trough with the other, a distinct shock 
will be felt at every repetition of the contacts. It is greater 
in proportion to the number of groups of plates of which 
the apparatus is composed. 


GALVANIC CUPS.—Small cups, usually made of 
agate or flint, for showing the transfer of the elements of 
bodies in opposite directions through water, or porous 
bodies with which they have a strong affinity, without 
being retained. The annexed sketch exhibits the appli- 
cation of these cups. 


hi zt Gg fF. . 


Connect three cups, /, g, f, standing in a row, by a few 
filaments of asbestus, or wetted cotton, and pour a solu- 
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tion of sulphate of soda, or sulphate of potash, into the 
central cup g, and water tinged blue with tincture of 
cabbage in the two other cups, h, f, and connect the outer 
cups by means of the wires d, e, with the two ends of the 
galvanic battery; alcali will make its appearance in the 
glass negatively electrified, and the acid in the glass con- 
nected with the positive end of the battery, though neither 
of these glasses contained any salt, so that the acid and 
alcali must have been transported right and left from the 
cup placed in the middle, into the other glasses, by means 
of the connected fibres of moistened asbestus. The action 
of the alcali will become obvious by the blue tincture of 
cabbage acquirmg a green colour, whilst the acid will 
change the colour of the tincture red. This experiment 
may be rendered more striking in the followmg manner. 


at a>, z 
i F7 — 


Put into the central cup /, liquid ammonia, or a solu- 
tion of potash, or soda, and in the glass connected with 
the negative end of the battery /, a solution of sulphate of 
potash or soda, and pour water into the positive glass 7. 
The acid will be attracted by the positive wire, and ap- 
pear in the glass 7, after passing through the alcaline 
solution &, and without combining with it. 

And, reversing this experiment, if an acid be substituted 
for the alcali in the central glass, and the solution of sul- 
phate of potash be rendered positive, the alcali will be 
conveyed through the interposed acid, and go to the 
negative side of the battery. 

In this manner, Sir H. Davy oe sulphate of 
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lime, sulphate of strontian, fluate of lime, and other solid 
bodies, insoluble, or difficultly soluble, in water. In each 
case the earth was found in one vessel and the acid in the 
other. Even glass was decomposed, and part of its alcali 
exhibited entire. Sulphuric, muriatic, nitric, and phos- 
phoric salts were decomposed with more rapidity; the 
acids in a certain time collected in the vessel contaming 
the positive wire, and the alcalies and earths in that con- 
taining the negative; be connected a small cup made of 
sulphate of lime, with a cup of agate, by a piece of asbes- 
tus; and, filling both with purified water, a platina wire 
being inserted in the cup of sulphate of lime to transmit 
the electricity, and a wire in the agate cup for receiving 
it; in about an hour, a strong solution of lime was found 
in the agate cup, and sulphuric acid in the cup of sul- 
phate of lime. By reversing the order, the sulphuric 
acid appeared in the agate cup, and the solution of lime 
on the opposite side. 


GLOBE, Deronatine, a, fig. 2, plate XI.—A stout 
glass globe for detonating oxygen and hydrogen, and 
other inflammable gases; d is an ivory conducting piece, 
to insulate a metal conductor to convey the electric spark 
into the globe a. When the globe a is exhausted and 
connected with the receiver e, the gas contained in the 
latter of course will pass into the globe a, when a com- 
munication by means of the stop-cock f and c¢ is esta- 


blished. 


GRAVIMETER, fig. 10, plate VII.—The extensive 
use of the knowledge of specific gravities has produced a 
variety of contrivances, under the names of Assay instru- 
ment, Hydrometer, Adreometer, Gravimeter, and Pese- 
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liquer, for the purpose of ascertaining the specific gravi- 
ties of different bodies in an expeditious manner. 

The construction of all those instruments depends upon 
the principle, that if a body whose specific gravity is less 
than that of certain fiuids, be caused to float successively 
upon those fluids, it will sink deeper into the lighter than 
into the heavier fluid. Or that a greater addition of 
weight is required to keep the same part of the floating 
body below the surface of a heavier than of a lighter 
fluid. 

The most simple gravimeter consists of a graduated 
rod or stem, ca, about 5 inches long, which is fixed to the 
bulb a. From the lowest part of a another stem proceeds 
a short way, and terminates in a smaller bulb bd. The 
bulb 5 is partly or entirely filled with some metallic 
or other ponderous substance, which answers two pur- 
poses; it renders the instrument just heavy enough to 
sink as far as some part of the stem ca below the surface 
of the fluid which is to be tried by it; and it serves to 
keep the instrument upright in the fluid; hence it is 
placed as ballast in the lowest part of the instrument. 

Now, when the specific gravity of a fluid is to be deter- 
mined, the fluid is put into a glass jar, or other conve- 
nient vessel, and the gravimeter is set to fleat in it; then 
the specific gravity of the fluid is indicated by the number 
of the divisions of the stem ac which remain above the 
surface of the fluid; or (which amounts to the same 
thing) by these which remain below that surface; those 
divisions being made, by trial and adjustment, to represent 
parts of the whole bulk of the mstrument. Suppose, 
for instance, that the bulk of the whole imstrument be 
equal to 1000 cubic tenths of an inch, and that each of 
the divisions of the stem represents one of those parts. 
Then if this instrument be placed first in one fluid and 
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then in another, and if it be found to sink as far as the 
40th division (counting from the top) in one fluid, and 
as far as the 30th in the other fluid, it is evident that of 
the 1000 parts of the bulk, 960 have been sunk in the 
former fluid, and 970 in the latter; therefore, since the 
specific gravities of those fluids are inversely as the parts 
immersed, the specific gravity of the former is to that of 
the latter, as 970 is to 960. If water be one of the fluids, 
for instance the former, then say, as 970 is to 960, so is 
one to a fourth proportional, which is the specific gravity 
of the other fluid when that of water is called unity. But 
the divisions on most of those instruments are numbered so 
as to indicate immediately the specific gravity of a fuid in 
comparison with that of water, which is reckoned cne. 
Gravimeters of the above-mentioned sort have been 
made of glass for such fluids as corrode metals; and of 
metal, which is more durable, for such fluids as have no 
action upon it. But the peculiar imperfections of the in- 
strument are Ist., it can serve only for those fluids which 
differ very little in specific gravity; for if the divisions 
of the stem represent small portions of the bulk of the 
instrument, then the whole length of the stem will likewise 
represent no oreat part of the whole bulk; hence very 
little difference of specific gravity can be indicated by all 
the divisions which are upon it; and if the divisions repre- 
sent considerably large portions of the instrument, then 
the instrument will not tmdicate small differences of 
specific gravity. 2ndly. The inequalities of the stem, 
and the small quantity of fluid, which in the common 
manner of using the instrument can hardly be prevented 
from adhering to that part of the stem which is just above 
the fluid, render it inaccurate in a greater or less degree ; 
they are however useful for many common purposes. 
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GRAVIMETER, (Nicuotson’s), fig. 7, plate VI.— 
It does not appear that a better method for finding specific 
gravities, particularly for the use of the chemist, need be 
wished for; for this instrument determines the specific 
weight of both solids and fluids in an easy and expeditious 
way, and it requires no address in using it. a is a hollow 
ball of brass or coppers e is a dish affixed to the ball bya 
short slender stem d; c is another dish affixed to the oppo- 
site side of the ball by a kind of stirrup. In the instru- 
ment actually made, the stem d is of hardened steel, 4, of 
an inch in diameter, and the dish c is so heavy as in all 
cases to keep the stem vertical, when the instrument is 
made to float in any liquid. The parts are so adjusted 
that the addition of 1000 grains, in the upper dish +, will 
just smk it in distilled water, at the temperature of 60° of 
Fahrenheit’s thermometer, so that the surface shall intersect 
the middle of the stem d. Let it now be required to find 
the specific gravity of any fluid. Immerse the instrument 
therein, and by placing weights im the dish b cause it to 
float, so that the middle of its stem d shall be cut by the 
surface of the fluid. Then, as the known weight of the 
instrument added to 1000 grains, is to the same known 
weight added to the weights used in producing the last 
equilibrium, so is the weight of a quantity of distilled 
water displaced by the floating mstrument to the weight 
of an equal bulk of the fluid under consideration, And 
these weights give the ratio of the specific gravities. Again, 
let it be required to find the specific gravity of a solid 
body less than 1000 grains. Place the instrument in 
distilled water, and put the body in the dish b. Make the 
adjustment of sinking the instrument to the middle of the 
stem, by adding weights in the same dish. Take those 
weights from 1000 grains, and the remainder will be the 
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weight of the body. Place now the body in the lower 
dish c, and add more weight in the upper dish J, till the 
adjustment is again obtained. The weight last added will 
be the loss the solid sustains by immersion, and is the 
weight of an equal bulk of water. Consequently the 
specific gravity of the solid compared with water, is as its 
weight to the loss it sustains by immersion. 


GRAVIMETER, (Guyron’s.) —Nicholson’s gravi- 
meter has hitherto been constructed of metal, hence it 
cannot be used for acids; to obviate this objection, Guyton 
has modified the construction of the instrument so that 
it may be made easily of glass; his instrument is of a 
cylindric form, being that which requires the smallest 
quantity of the fluid, and is on that account preferable, 
except so far as it is necessary to deviate for the security 
of a perpendicular position. 

Like the instrument of Nicholson, it carries two basins; 
the one superior, at the extremity of a thin stem; towards 
the middie of which the fixed point of immersion is 
marked. The other lower basin terminates in a point; it 
contains the ballast, and is attached to the cylinder by 
two branches. The moveable suspension by means of a 
hook has the inconvenience of shortening the lever which 
is to secure the vertical position. 

The cylinder is 0.71 inches in diameter, and 6,85 inches 
in length. It carries in the upper basin an additional 
constant weight of five grammes. These dimensions 
might be increased, so as to render it capable of receiv- 
ing a much more considerable weight; but it will here- 
after be shown that this is unnecessary. 

Guyton has added a piece which he calls the diver 
(plongeur), because in fact it is placed in the lower 
basin when used, and consequently is entirely immersed 
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in the fluid.* Itis a bulb of glass, loaded with a sufii- 
cient quantity of mercury, in order that its total weight 
may be equal to the constant additional weight, added to 
the weight of the volume of water displaced by this piece. 

It will readily be understood, that the weight bemg 
determined at the same temperature at which the instru- 
ment was originally adjusted, it will sink to the same 
mark on the stem, whether it be loaded with a constant 
additional weight in the upper basin, or whether the 
effect of this weight be produced by the additional piece 
in the lower dish. 

From this explanation there will be no difficulty in de- 
ducing how this mstrument may be adapted to every case 
of practice. ? 

It may be used for solids or fluids. It is in fact the 
hydrometer of Nicholson, from which it differs in no 
respect. The only condition will be, as in his intrument, 
that the absolute weight of the body to be examined shall 
be rather less than the constant additional weight, which 
in this instrument is 115 grains. For liquids of less 
specific gravity than water, the instrument, without the 
additional weight above, weighs about 459 grains in the 
dimensions before laid down. It would be easy to limit its 
weight to the utmost accuracy. We have therefore the 
range of one-fifth of buoyancy, and consequently the 
means of ascertaining all the intermediate densities from 
water to the most highly rectified spirit of wine, which is 
known to bear in this respect the ratio of eight to ten with 
regard to water. When liquids of greater specific gravity 
than water are to be tried, the constant weight being 


* As we have no word in the English which can with propriety be 
used as the translation of the word plongeur, we shall take the liberty 
to call this weight the additional piece. 
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applied below, by means of the additional piece, which 
weighs about 138 grains, the instruments can receive in 
the upper basin more than four times the usual additional 
weight, without losing the equilibrium of its vertical 
position. In this state it is capable of shewing the specific 
gravity of the most concentrated acids. It possesses another 
property common to the instrument of Nicholson, namely, 
that it may be used asa balance to determine the absolute 
weight of such bodies as do not exceed its additional load. 
Lastly, the purity of the water being known, it will indi- 
cate the degrees of rarefaction and condensation in pro- 
portion to its own bulk. The additional piece for the 
lower basin requires some attention to make it perfectly 
agree with the constant upper weight, as to the immersion 
of the instrument. But this object may, by careful 
adjustment, be ascertained with the utmost certainty and 
accuracy. The bulb of glass is for this purpose drawn 
out to a fine poimt; a sufficient quantity of mercury is 
introduced to sink it, and the aperture closed with a 
morsel of wax. The bulb being then placed in the lower 
basin of the instrument, the upper basin is to be loaded 
until the mark on the stem becomes accurately coincident 
with the surface of the water. The sum of the weights 
added above is precisely equal to that of the quantity of 
mercury necessary to be added to that in the glass bulb; 
which done, nothing more is necessary than to seal the 
point by fusion, taking care not to change its bulk. 

Though this instrument is rather delicate in form, it 
has no other imperfection than the natural brittleness of 
the material, which must necessarily be used for experi- - 
ments with saline and acid liquors. 

Nothing more remains but to render it portable. This 
object is sufficiently obtained by means of a case in which 
all the delicate parts are secured from pressure, and the 
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heavier parts supported in such a manner as to resist the 
excess of motion they are capable of acquirmg by 
virtue of their mass. This last circumstance is frequently 
overlooked by such workmen as are employed in the 
packing of instruments; whence it necessarily follows, 
that some strain or fracture must be produced when matters 
of very unequal density are exposed to receive a common 
impulse. 

The method of securing this instrument in its case will 
be better understood from fig. 4, plate VI., than from the 
mest extended verbal description. 

The condition of hermetically sealing the additional 
piece without changing its volume, necessarily requires 
that the part near the aperture should be very thin. 
Hence it has sometimes happened that the point was 
broken without any external blow, but merely in conse- 
quence of the motion of the mercury contained within. 
A similar glass bulb might indeed be added; but this 
constitutes but a small part of the remedy. For it is 
necessary to adjust the instrument again to preserve the 
property of measuring the specific gravity of the denser 
fluids, and it has been found that this operation was not 
exempt from difficulties when the desired degree of pre- 
cision was to be sought. 

This mconvenience is remedied by substituting in the 
place of the glass bulb loaded with mercury a small mass 
of solid glass, as the stopper of a bottle, which is first 
brought to the proper form by grinding, and afterwards 
carefully diminished, until, when placed in the lower basin 
of the instrument, its immersion in distilled water at the 
required degrees of temperature and pressure shall be 
exactly the same as when the instrument is floated in the 
same liquid with its constant additional weight in the 
upper basin only. 
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By this means there is a certainty of acquiring the 
utmost degree of precision at first trial; because the 
whole process is reduced to the mere adjustment of a 
weight. 

The following is the method for applying this gravi- 
meter to find the specific gravity of any substance what- 
ever, without requiring distilled water, or the thermo- 
meter or barometer, or any subsequent correction. 

The gravimeter being supposed to be well regulated, 
let x represent the specific gravity sought; b the addi- 
tional weight necessary to sink the instrument to the 
mark in the unknown fluid; c the weight placed with 
the solid in the upper basin immerses the mstrument to 
the mark; d the additional weight to produce the same 
effect when the body is in the lower basin 11 the specific 
gravity of distilled water, at the temperature of 12.5 de- 
grees of the decimal thermometer, and the pressure of 
757.7 millimeters = 1; 1 the goes gravity of the 


water made use of. 
v —c) i! 


The following formula gives the satitaicale Tas: = 
d—c 
The value of 1' is first to be found, which is greater 
than unity when the water made use of is heavier than 
distilled water, and in the contrary case is a fraction. 
Let P represent the weight of the gravimeter without 
any additional weight in the upper dish. For the lower 


« For the sake of those who are unacquainted with symbols, I shall 
here give the rule in words at length: From the weight in the upper 
dish, when the instrument is properly immersed in the unknown 
fluid, take the weight which is placed with the body in the same scale 
at the like adjustment. The remainder is the absolute weight of the 
solid. Multiply this by the specific gravity of the fluid, and reserve 
the product. 

M 
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additional piece acts only by its residual weight, and this 
must vary with the fluid, it is clear that it must be con- 
sidered as part of the instrument, and enter into the value 
of P whenever it is used. In fact the gravimeter with 
this piece is an mstrument perfectly distinct from that in 
which it is not used, and the adjustment may then be 
made as well, and perhaps more easily, by a constant 
small weight in the upper dish, as by the very delicate 
process recommended by Guyton. V the constant volume 
of the immersed part; a the additional constant weight 
in the upper basin, or that which immerses it to the mark 
in distilled water 1; and we shall have P + a = V0; 
P+a 


whence V = 


II 

Again } represents the weight more or less than a, 
which must be substituted to produce the same immersion 

in another liquor different from distilled water. 

P+b P+b 

We shall therefore have n’ = ——- = ——. 

Vv P+a 
The value of 1 being found, every thing else is known ; 
nothing more being necessary than to substitute this value 

in the formula. j 

We are persuaded that philosophers will immediately 
perceive the advantages of this method. Distilled water 
was wanting; but this practice renders it unnecessary. 
Even if distilled water were at hand, it would seldom 
happen that the times of the standard temperature and 
pressure would agree with those of the experiment; and 
when an artificial temperature is produced, it is subject to 
vary during the course of the experiment. Al! these dif- 
ficulties are removed; and even when distilled water is at - 
hand, water containing a small portion of a neutral salt is 
preferred. Two motives justify this preference. Ist. It 


~ 
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is more convenient to add some small weight to the con- 
stant additional weight, than to compose a less by a 
series of sub-multiples. 2d. By making use of a liquid 
at the temperature of the surrounding air, it 1s evidently 
less exposed to such variations. These circumstances are 
more favourable to accuracy in the results. 

Fig. 10, plate VI., represents the gravimeter, a the 
lower basin, ) the upper basin, c the point of immersion 
marked on a thin piece of glass in the inside of the stem 
marked 2, the piece called plongeur, which is placed in the 
lower basin a, when experiments are made on fluids of 
greater density than water. Fig. 5, the gravimeter in 
the cylindric vessel filled with water, in which it floats 
immersed to the mark c, by means of the additional con- 
stant weight d. It is convenient to choose a vessel of 
such a depth that the instrument may be at liberty to float, 
at the level of the mark, or even beneath it, without its 
being possible that the bottom of the upper basin should 
ever descend to the surface of the water. Fig. 4, the 
eravimeter in its case. The cylindrical part of the 
instrument lodged in a groove in the case, and secured 
above by the two projections e e which leave the stem at 
liberty. It is secured at the middle by the brass button f, 
and is pressed below by a piece of cork, which rests on 
a fixed block; 7, is a sliding piece and. screw to support 
the ballast-piece, and prevent the branches from being 
endangered by any internal movement of the mercury ; 
k, the additional ballast-piece, or plongeur in its separate 
cell; 7, the constant additional weight placed in a cell 
cut in the solid wood, and-cleared out at the sides, so that 
it may be conveniently taken up when wanted; m, the 
‘mner surface of the cover hollowed out at m to receive 
‘without friction the projecting part of the upper basin. 
A paper is past on the inner surface of the cover, to shew 

mM 2 
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the weight of the gravimeter with or without the additional 
ballast-piece, and the volume of water it displaces in either 
case, which are often required to be accurately known. | 


GUN-BARREL APPARATUS. — This name is 
usually given to a gun-barrel when combined with a 
furnace. Thus fig. 42, plate I., is the gun-barrel appa- 
ratus for a fluid or gas to pass through an ignited gun- 
barrel; for example, let us suppose we wish to pass car- 
bonic acid through the tube. For this purpose make a — 
gun-barrel }, to pass through a furnace, taking care to in- 
cline it at the narrowest part; adjust to one of its extre- 
mities a bent tube, and let the other extremity of the 
barrel terminate in a tube c, combined with a tube of 
safety. Introduce one extremity of the tube, as shown 
in the design, under a bell in the pnuematic basin. 
When the apparatus is thus disposed and well luted, 
bring the gun-barrel to a red heat, and when thoroughly 
red-hot, pour diluted muriatic acid mto the hydrostatic 
funnel, fixed into the two-necked bottle, drop by drop, 
to disengage the carbonic acid from marble or chalk put 
into the two-necked bottle for that purpose. 

Fig. 14, plate II., shows a gun-barrel apparatus for 
exhibiting the production of hydrogen gas, by the decom- 
position of water. ‘The portable furnace is similar to the 
universal furnace, described page 133. It is made of 
hammered sheet iron, lined with fire-bricks. The height 
of the body of the furnace is eighteen inches, its inner 
diameter measures eight inches. In the front of the fur- 
nace are three openings, a a a, perpendicularly over each 
other, furnished with doors. The lower door closes the 
ash-pit, and serves to regulate the heat at pleasure by open- 
ing or shutting it more or less accordingly, d is the chim- 
ney, which may be elongated by an additional tube, and 
then directed into the fire-place of the apartment. Ifa very 
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intense heat be required, this tube or chimney of the fur- 
nace should be at least five or six feet high. Let a gun- 
barrel, 2 x, having its chamber or breech removed, pass 
through the furnace, taking care to incline the barrel at 
the narrowest part; adjust to its upper extremity a smal] 
glass retort y, charged with water, and let the other ex- 
tremity terminate in a tube w, introduced under a receiver 
ps in the pneumatic trough g. When the apparatus is 
thus disposed, and well luted, light a fire in the furnace, 
and bring the gun-barrel to a red heat; and, when 
thoroughly red-hot, make the water in the retort y, boil ; 
the vapour, when passing through the red-hot tube, will 


yield hydrogen gas abundantly. 


HOOPS, fig. 3, plate XVI.—Wooden hoops, covered 
with strips of cloth, are convenient for steadily support_ 
ing receivers, retorts, basins, and other round bottomed 


vessels. 


HYDROMETER, ror Sars, (Beaume’s,) fig. 10, 
plate VII.—This hydrometer, though not a very correct 
instrument, resembles the common gravimeter, it is often 
employed by manufacturers for ascertaining the specific 
gravities of saline fluids. It consists of a graduated glass 
tube ballasted at the lower end by a small quantity of 
mercury, which keeps it continually in a vertical position. 
When plunged into distilled water, it stops at the point 
marked zero: the upper graduations express the different 
degrees to which it sinks in the lightest liquids; the lower 
marks the degrees to which it rises in the heaviest liquids. 

There are two hydrometers of Beaumé. A single in- 
strument would in strictness suffice to indicate the density 
of every liquid from the lightest alcohol to the heaviest 
acid, which would include a range of actual specific 


166 Hydrometer. 


gravity from about .8 to 2. (water being taken as 1.) 
But an instrument of this kind must be either mcon- 
veniently long, or the stem must be very wide, and the 
degrees too minute for tolerable accuracy. Beaumé there- 
fore very judiciously divided it into two scales, one of 
which is the hydrometer for spirit and liquors lighter than 
water, and the other the hydrometer for salts or liquids 
heavier than water. He has further distinguished them 
by inverting the scales, that is, in the instrument for salts 
the 0. or zero is at distilled water, and the numbers in- 
crease with the increasing density of the liquors for which 
it is used ; whereas in the instrument for spirit, the num- 
bers increase from the zero with the decreasing density. 
Hence it is necessary to describe these two instruments 
separately. 

The hydrometer for saline fluids was made by Beaumé 
in the following way: the instrument was first immersed 
in water at a temperature of 18.75° Reaum. = about 50° 
Fahr. and loaded with mercury dropped into the bulb till 
it sunk so low that only the very top of the stem was out 
of water, which point was marked as the 0. of the scale. 
The instrument was then removed to a solution of com- 
mon salt, containing 15 parts (by weight) of salt to 85 
parts of water, and the height to which it floated was 
marked on the stem as 15° of the scale. The interval 
between these two points of immersion being therefore 
considered as 15 degrees, the scale was extended to any 
required number, merely by marking off with compasses 
an equal length of the stem, and the whole was farther 
subdivided in the same way. Beaumé considered there- 
fore that every degree of the instrument indicated a den- 
sity of liquid equal to that of a solution of common salt, 
in which the number of parts of salt in 100 parts, by 
weight of the solution, was equal to the same number on 
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the scale at which the instrument floated. But as the 
- diameter of the stem is seldom equal throughout, he pro- 
poses to remedy the incorrectness produced by this cir- 
cumstance, where greater accuracy is required, by im- 
mersing the instrument successively in solutions contain- 
ing 5, 10, 15, &c. per cent. of salt, and marking these 
points as 5, 10, 15, &c. on the scale, or, to be still more 
accurate, all the individual degrees may be found by 
actual experiment. In fact, even where the stem of the 
instrument is perfectly cylindrical, this would be the only 
way to ensure perfect accuracy, as a division of equal 
distances on the scale would not precisely correspond 
with an equal increase of the per centage of salt in the 
solution. 

The scale of this instrument does not properly extend 
higher than about 30° as this is the point of saturation of 
water with salt, but it may be lengthened at pleasure by 
by marking off equal distances on the scale. 

The following table of correspondence between 
Beaumé’s hydrometer for salts and the actual expression 
of specific gravity has been calculated by Mr, Nicholson, 
for every third degree (Phil. Journ. 4to. vol. I. page 38.) 
from the datum of Morveau that the 66th degree cor- 
responds with 1.848 specific gravity. 


BEAUME’S HYDROMETER FOR SALTS. 


at a temperature of 55° Fahr. ata temperature of 65° Fahr, 
Beaumé. Nicholson. Beaumé. Nicholson, 

1=Sp. Gr. 1.000 10=Sp. Gr. 

2 12 1.089 

3 1.020 14 

4 15 1.114 

5 16 

6 1.040 18 1.140 

7 . 20 

8 21 1.170 

9 1.064 22 
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BEAUME’S HYDROMETER FOR SALTS CONTINUED. 


at a temperature of 55° Fahr. at a temperature of 55° Fahr. 
Beaumé. Nicholson. Beaumé. Nicholson. - 

24—Sp. Gr. 1.200 40—Sp. Gr. 
26 41 
27 1.230 42 1.414 
28 43 
29 45 1.455 
30 1.261 48 1.500 
31 | ol 1.547 
32 54 1.597 
33 1.295 o7 1.659 
34 60 1.717 
30 63 1.779 
36 1.333 66 1.848 
37 69 ~ 1.920 
38 . 72 2.000 
39 1.373 


HYDROMETER for Spirit, (Beaume.)—The hy- 
drometer of Beaumé for spirit is constructed exactly 
on the same principle as the hydrometer for salts, and the 
mode of graduation is also the same, that. is, by a solution 
of salt, and not by mixtures of alcohol and water of dif- 
ferent densities. In this hydrometer the zero is placed 
not at the point to which the stem sinks in distilled 
water, but at the point to which it falls ina mixture of 
10 parts of salt and 90 of water. The interval between 
this point and that of distilled water is marked on the 
scale as 10 degrees, and this scale is continued upwards 
on the stem simply by measuring equal portions by the 
compasses. The 10th degree of the spirit hydrometer 
corresponds with the 0. of the salt hydrometer, and it 
is certamly a defect that the ingenious inventor should 
have introduced this deviation from what is obviously the 
natural zero in each scale, namely, the point of immersion 
in distilled water; since it was as easy to obtain a mea- 
sure for 10 degres of the scale of the spirit hydrometer 
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by beginning the notation 10 degrees below zero as at 
this point. 

The correspondence between Beaumé’s spirit hydrome- 
ter and the real expression of specific gravity has also been 
calculated by Mr. Nicholson, and on the following data : 
viz. Beaumé found that spirit of wine of .842 specific 
gravity at 32° Fahr. gave 37 degrees of his hydrometer ; 
_ and that a mixture of two parts, by weight of this spirit 
with 30 of water, gave 12 degrees of the hydrometer at 
the same temperature. This mixture is found by Gilpin’s 
tables to be = 9915 specific gravity at this temperature, 
and these terms, viz. .842 and .9915 become .832 and 
-9905 at 55° Fabr. or 10. Reaum. the standard tempe- 
rature of the graduation of these instruments. 


BEAUME’S HYDROMETER FOR SPIRIT, 


at a temperature of 55° Fahr. ||. at a temperature of 55° Fahr, 
Beaumé. Nicholson. Beaumé. Nicholson. 

10=Sp. Gr. 1.0000 259—Sp. Gr. .897 
ll 990 26 .892 
12 985 27 .886 
13 977 28 .880 
14 .970 29 .874 
15 .963 29. 

16 .999 30 871 
164 3l .867 
17 .949 32 .856 
18 .942 33 .852 
19 920 34. .847 
194 39 .842 
20 .928 36 .837 
21 .922 37 .832 
yi 915 38 .827 
23 .909 39 .822 
pai .903 40 .817 


HYDROMETER ror Beer ann Mattr-Wort.—See 


S.ACCHAROMETER. 
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HYDROMETER ror Spirirous Liquors, (Syxzs’s.) 
—By the excise laws at present existing in this country, 
the various degrees of strength of brandy, rum, arrack, 
gin, whiskey, and other spiritous liquors, chiefly com- 
posed of little else than spirit of wine, are determined by 
the quantity of alcohol of a given specific gravity con- 
tained in the spirituous liquor of a supposed unknown | 
‘strength. The great public importance of this subject in 
this country, where the consumption of spiritous liquors 
adds a vast sum to the public revenue, has been the means 
of instituting many very interesting series of experiments 
on this subject. The hydrostatic instrument used for 
that purpose by the Customs and officers of the Excise, 
is called Sykes’s hydrometer. [George III. ¢. xxviii, 
May 1818.—* An Act for establishing the use of Sykes’s 
hydrometer in ascertaining the strength of spirit,’ which 
has now superseded the instrument called Clark’s hydro- 
meter, heretofore in use. | 

The specific gravity or strength of the legal standard 
spirit of the Excise, is technically called proof, or proof 
spirit. © This liquor (not being spirit sweetened, or 
having any ingredient dissolved in it, to defeat the 
strength thereof), at the temperature of 51° Fahr. weighs 
actually 73th parts of an equal measure of distilled 
water ;” and with this spirit the strength of all other 
spirituous liquors are compared according to law. 

The strength of brandy, rum, arrack, gin, or other 
spirituous liquors, weaker than proof, or below proof, is 
estimated by the quantity of water which would be neces- 
sary to bring the spirit up to proof. 

It is by no means an easy undertaking to determine 
the strength or relative value of spirits with accuracy for 
commercial purposes. The following requisites must be 


- 
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obtained before this can be well done: the specific gra- 
vity of a certain number of mixtures of alcohol and water 
must be taken so near each other, as that the intermediate 
specific gravities may not perceptibly differ from those 
deduced from the supposition of a mere mixture of the 
fluids ; the expansions or variations of specific gravity in 
these mixtures must be determined at different tempera- 
tures ; some easy method must be contrived of determin- 
ing the presence and quantity of saccharine or oleaginous 
matter which the spirit may hold in solution, and the 
effect of such solution on the specific gravity ; and lastly, 
the specific gravity of the fluid must be ascertained by a 
proper floating instrument with a graduated stem, or set 
of weights; or, which may be more convenient, with 
both. 

The strength of brandy, rum, or sins in commerce is 
frequently judged by the phial, or by burning. The phial 
proof consists in agitating the spirit in a bottle, and observ- 
ing the form and magnitude of the bubbles that collect round 
the edge of the liquor, technically termed the bead, which 
are larger the strongerthe spirit. Itis not difficult, however, 
to produce this appearance by various simple additions to 
weak spirit.* The proof by burning is very fallacious ; 
because the magnitude of the flame, and quantity of resi- 
due, in the same spirit, vary greatly with the form of the 
vessel it is burned in. If the vessel be kept cool, or suf- 
fered to become hot, if it be deeper or shallower, the 
results will not be the same in each case. It does not 
follow, however, but that manufacturers and purchasers of 
spirits, may in many instances receive considerable infor- 
mation from these signs, in circumstances exactly alike, 


* A Treatise on the Adulteration of Food, and methods of detect- 
ing them, page 249. 
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and in the course of operations wherein it would be in- 
convenient to recur continually to experiments of specific 
gravity. 7 

The importance of this object, as well for the purposes 
of revenue as of commerce, induced the British govern- 
ment to employ Sir Charles Blagden to institute a very 
minute and accurate series of experiments. These may 
be considered as fundamental results; for which reason, 
we shall give a summary of them in this place, from the 
Philosophical Transactions for 1790. 

The first object to which the experiments were directed 
was to ascertain the quantity and law resulting from the 
mutual penetration of water and spirit. 

All bodies in general expand by heat; but the quantity 
of this expansion, as well as the law of its progression, is 
probably not the same in any two substances. In water 
and spirit they are remarkably different. ‘The whole ex- 
pansion of pure spirit from 30° to 100° of Fahrenheit’s 
thermometer is not less than 1-25th of its whole bulk at 
30°; whereas that of water, in the same interval, is only 
1-145th of its bulk. The laws of their expansion are 
still more different than the quantities. Ifthe expansion. 
of quicksilver be, as usual, taken from the standard, (our 
thermometers being constructed with that fluid), the ex- 
pansion of spirit is, indeed, progressively inereasing with 
respect to that standard, but not much so within the above- 
mentioned interval; while water kept from freezing to 
30°, which may easily be done, will absolutely contract 
as it is heated for ten or more degrees, that is, 40° or 42° 
of the thermometer, and will then begin to expand as its. 
heat is augmented, at first slowly, and afterwards gra- 
dually more rapidly, so as to observe upon the whole a 
very increasing progression. Now, mixtures of these two 
substances will, as may be supposed, approach to the less 
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or the greater of these progressions, according as they are 
compounded of more spirit or more water, salule their total 
expansion will be greater, according as more spirit enters 
into their composition; but the exact quantity of the ex- 
pansion, as well as law of the progression, in all of them, 
can be determined only by trials. These were, therefore, 
the two other principal object to be ascertained by expe- 
riment. The person engaged to make these experiments 
was Dr. Dollfuss; as he could not conveniently get the 
quantity of spirit he wanted lighter than 825, at 60° Fahr. 
he fixed upon this strength as the standard for alcohol. 

These experiments of Dr. Dollfuss were repeated by Mr. 
Gilpin, of the Royal Society; and as the deductions in 
this account will be taken chiefly from that last set of ex- 
periments, it is proper here to describe minutely the 
method observed by Mr. Gilpin in his operation. This 
naturally resolves itself into two parts; the way of making 
the mixtures, and the way of ascertaining their specific 
gravity. 

1. The mixtures were made by weight, as the only 
accurate method of fixing the proportions. In fluids of 
such very unequal expansions by heat, as water and al- 
cohol, if measures had been employed, increasing or de- 
creasing in regular proportions to each other, the propor- 
tions of the masses would have been sensibly irregular : 
now the latter was the object in view, namely, to deter- 
mine the real quantity of spirit in any given mixture, 
abstracting the consideration of its temperature. Besides, 
if the proportions had been ‘taken by measure, a different 
mixture should have been made at every different degree 
of heat. But the principal consideration was, that with a 
very nice balance, such as was employed on this occasion, 
quantities can be determined to much greater exactness 
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by weight than by any practicable way of measurement. 
The proportions were therefore always taken by weight. 
A phial being provided of such a size as that it should be 
nearly full with the mixture, was made perfectly clean 
and dry, and being counterpoised, as much of the pure 
spirit as appeared necessary was poured into it. The 
weight of this spirit was then ascertained, and the weight 
of distilled water required to make a mixture of the in- 
tended proportions was calculated. This quantity of 
water was then added, with all the necessary care, the last 
portions beng put in by means of a well-known imstru- 
ment, which is composed of a small dish terminating in a 
tube drawn to a fine pomt: the top of the dish being 
covered with the thumb, the liquor in it is prevented from 
running out through the tube by the pressure of the 
‘atmosphere, but mstantly begins to issue by drops, or a 
very small stream, upon raismg the thumb. Water bemg 
thus introduced into the phial, till it exactly :counterpoised 
the weight, which having been previously computed, was 
put into the opposite scale, the phial was shaken, and 
then well stopped with its glass stopple, over which lea- 
ther was tied very tight, to prevent evaporation. No 
mixture was used till it had remained im the phial at least 
a month, for the full penetration to have taken place; and 
and it was always well shaken before it was poured out 
‘to have its specific gravity tried. 

2. There are two common methods of taking the specific 
gravity of fluids; one, by finding the weight which a 
solid body loses by bemg immersed in them; the other, 
by filling a convenient vessel, (see specific gravity bottle), 
with them, and ascertaining the increase of weight it ac- 
‘quires. In both cases a standard must have been pre- 
viously taken, which is usually distilled water; namely, 
in the first method, by finding the weight lost by the solid 
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body im the water; and in the second method, the weight 
of the vessel filled with water. ‘The latter was preferred, 
for the followmg reasons :— 

When a ball of glass, which is the properest kind of 
solid body, is weighed in any spirituous or watery fluid, 
the adhesion of the fluid occasions some inaccuracy, and 
renders the balance comparatively sluggish. ‘To what 
degree this effect proceeds is uncertain; but from some 
experiments made by Mr. Gilpin with that view, it ap- 
pears to be very sensible. Moreover, in this method a 
large surface must be exposed to the air during the ope- 
ration of weighing, which, especially in the higher tem- 
peratures, would give occasion to such an evaporation as 
to alter essentially the strength of the mixture. It seemed 
also as if the temperature of the fluid under trial could be 
determined more exactly in the method of filling a vessel 
than in the other: for the fluid cannot well be stirred 
while the ball to be weighed remains immersed in it; and 
as some time must necessarily be spent in the weighing, 
the change of heat which takes place durmg that period 
‘will be unequal through the mass, and may occasion a 
‘sensible error. It is true, on the other hand, that in the 
method of fillmg a vessel, the temperature could not be 
‘ascertained with the utmost precision, because the neck 
‘of the vessel employed, containing about ‘ten grains, was 
filled up to the mark with spirit not exactly of the same 
temperature, as will be explained presently : but thiserror, 
_ It is supposed, would by no means equal the other, and 
the utmost quantity of it may be estimated very nearly. 
Finally, it was much easier to bring the fluid to any 
given temperature when it was in a vessel to be weighed, 
than when it was to have a solid body weighed in it; 
because in the former case the quantity was ‘smaller, and 
the vessel containing it more manageable, being readily 
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heated with the hand or warm water, and cooled with 
cold water: and the very circumstance, that so much of 
the fluid was not required, proved a material convenience. 
The particular disadvantage in the method of weighing 
in a vessel, is the difficulty of filling it with extreme ac- 
curacy ; but when the vessel is judiciously and neatly 
marked, the error of filling will, with due care, be exceed- 
ingly minute. By several repetitions of the same experi- 
ments, Mr, Gilpin seemed to bring it within the 1-15000th 
part of the whole weight. 

The above-mentioned consideration induced Dr. Blag- 
den, as well as the gentlemen employed in the experi- 
ments, to give the preference to weighing the fluid itself; 
and that was accordingly the method practised both by 
Dr. Dollfuss and Mr. Gilpin in their operations. — 

The vessel chosen as most convenient for the purpose 
was a hollow glass ball, terminating in a neck of small 
bore. That which Dr. Dollfuss used held 5800 grains 
of distilled water; but as the balance was so extremely 
accurate, it was thought expedient, upon Mr. Gilpin’s 
repetition of the experiments, to use one of only 2065 
grains capacity, as admitting the heat of any fluid con- 
tained in it to be more nicely determined. The ball of 
this vessel, which may be called the weighing bottle, 
measured about 2.8 inches in diameter, and was spheri- 
cal, except a slight flattening on the part opposite to the 
neck, which served as a bottom for it to stand upon. Its 
neck was formed of a portion of a barometer tube, .25 
of an inch in bore, and about 12 inch long; it was per. 
fectly cylindrical, and, on its outside, very near the mid- 
dle of its length, a fine circle or rmg was cut round it 
with a diamond, as the mark to which it was to be filled 
with the liqour. This mark was made by fixing the 
bottle in a lathe, and turning it rouud with great care, in 
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contact with the diamond. The glass of this bottle was 
not very thick; it weighed 916 grains, and with its silver 
cap 936. 

When the specific gravity of any liquor was to be taken 
by means of this bottle, the liquor was first brought nearly 
to the required temperature, and the bottle was filled with 
it up to the beginning of the neck only, that there might 
be room for shaking it. A very fine and sensible thermo- 
meter was then passed through the neck of the bottle into 
the contained liquor, which showed whether it was above 
or below the intended temperature. In the former case 
the bottle was brought into colder air, or even plunged 
for a moment into cold water; the thermometer in the 
mean time being frequently put into the contamed liquor, 
till it was found to sink to the right point. In like manner, 
when the liquor was too cold, the bottle was brought into 
warmer air, immersed in warm water, or more commonly 
held between the hands, till upon repeated trials with the 
thermometer the just temperature was found. It will be 
understood, that during the course of this heating or cool- 
ing, the bottle was very frequently shaken between each 
immersion of the thermometer; and the top of the neck 
was covered, either with the finger, or a silver cap» made 
on purpose, as constantly as possible. Hot water was 
used to raise the temperature only in heats of 80° and 
upwards, inferior heats being obtained by applying the 
hands to the bottle: when the hot water was employed, 
the ball of the bottle was plunged into it, and again 
quickly lifted out, with the necessary shaking interposed, 
as often as was necessary for communicating the required. 
heat to the liquor; but care was taken to wipe the bottle 
dry after each immersion, before it was shaken, lest any 
adhering moisture might by accident get into it. The 


liquor having by these means been brought to the desired 
N 
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temperature; thé next operation was to fill up the bottle 
exactly to the mark upon the neck, which was done with 
some of the same liquor, by means of a glass funnel with 
avery small bore. Mr. Gilpin endeavoured to get that 
portion of the liquor which was employed for this purpose, 
pretty nearly to the temperature of the liquor contained 
in the bottle ; but as the whole quantity to be added never 
exceeded ten grains, a difference of ten degrees in the 
heat of that small quantity, which is more than it ever 
amounted to, would have occasioned an error of only 
(1-30th of a degree in the temperature of the mass. 
Enough of the liquor was put in to fill the neck rather 
above the mark, and the superfluous quantity was then 
absorbed to great nicety, by bringing into contact with it 
the fine point of a small roll of blottmg paper. As the 
surface of the liquor in the neck would be always concave, 
the bottom or centre of this concavity was the part made 
to coincide with the mark round the glass; and in viewing 
it care was taken, that the near and opposite sides of the 
mark should appear exactly in the same line, by which 
means all parallax was avoided. A silver cap, which 
fitted tight, was then put upon the neck, to prevent evapo- 
ration; and the whole apparatus was in that state laid in 
the scale of the balance, to be weighed with all the exact- 
ness possible. 

The spirit employed by Mr. Gilpin was furnished to 
him by Dr. Dollfuss, under whose inspection it had been 
rectified from rum supplied by government. Its specific 
gravity, at 60 degrees of heat, was 82514. It was first 
weighed pure, in the above-mentioned bottle, at every five 
degrees of heat, from 30 to 100 inclusively. Then 
mixtures were formed of it, and distilled water, in every 
proportion, from 1-20th of the water to equal parts of 
water and spirit; the quantity of water added being suc- 
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cessively augmented, in the proportion of five grains to 
one hundred of the spirit; and these mixtures were also 
weighed in the bottle, like the pure spirit, at every five 
degrees of heat. The numbers hence resulting are de- 
livered in the following table; where the first column 
_ shows the degrees of heat; the second gives the weight 
of the pure spirit contained in the bottle at those different 
degrees; the third gives the weight of a mixture in the 
proportions of 100 parts by weight of that spirit to 5 of 
water, and so on successively till the water is to the spirit 
as 100 to5. They are the mean of three several experi- 
ments at least, as Mr. Gilpin always filled and weighed 
the bottle over again that number of times, if not oftener. 
The heat was taken at the even degree, as shown by the 
thermometer, without any allowance in the first instance, 
because the coincidence of the mercury with a division 
‘can be perceived more accurately than any fraction can 
be estimated; and the errors of the thermometers, if any, 
it was supposed would be less upon the grand divisions of 
5 degrees than in any others. It must be observed, that 
Mr. Gilpin used the same mixture throughout all the 
different temperatures, heating it up from 30° to 100°; 
hence some small error in its strength may have been 
occasioned in the higher degrees, by more spirit evaporat- 
ing than water: but this, it is believed, must have been 
trifling, and greater inconvenience would probably have 
resulted from interposing a fresi mixture. 

The precise specific gravity of the pure spirit employed 
was .82514; but to avoid an inconvenient fraction, it is 
taken, in constructing the table of specific gravities, as 
.825 only, a proportional deduction bemg made from all 
the other numbers. Thus the followmg table gives the 
true specific gravity, at the different degrees of heat, 
of a pure rectified spirit, the specific gravity of which 

N 2 


spirit. 


35 | 8 
40 | 8 


ees 


36 o| -83896|°84995 °85957 | 86825) °87585 
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at 60° is .825, together with the specific gravities of dif- 
ferent mixtures of it with water, at those different tempe- 


ratures. 


Real Specific Gravities at the different Temperatures. 


100 | 100 1090 \) oo | 


F grains of grains of|grains of grains of grains of 
Heat. Phe pure spirit to spirit tolspirit tO spirit to spirit to 

t ils grains 1o grains|15 grains)20 grains 25 grains 
of water of water. |of water.|of water. of water. 


| beset at 
OF 


3672| 84769 85729) 86587| 87357 
3445} 84539 85599} 86361| 87134 


45 | 83214] 84310) 85277) 86131) 8695 


90 | 8 
55 | 8 
60 | 8 
65 | 38 
19 13 
13 is 
8) | 8 
85 | 8 
90 | 8 


2977| 84076) 85(42| 859. 2| 86676 
2736| 83834) 848 2| 85664) 86441 
9500| 83599. 81568) 8543 | 862.8 
2262| 83362) 84334] 85 93] 85976 
9023) 83124) 84192} 84951] 85736 
1780| 82878) 83851} $471( | 85496 
1530! 82631] 83613] 84457] 85248 
1291] 82396) 83371} 84243] 85036 
10441 82150} 83126] 84001] 84797) 


95 | 80794] 81900] 82877] 83753] 84559 


100 | 8 


35 
AO 
45 
50 
55 
60 
65 


Heat. spirit tolspirit tojspirit to spirit to 


548} 81657] 82639] 83513] 84038 


100 100 


*88282|°88921 
88059| 88701 
87838| 98481 
87613} 88255 
87584) 88030 
87 150| 87796 
86918) 87569 
86686! 87337 
86451!) $7105 
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8596) 86622 
85757| 8641] 
$5518) 86172 
&5972| 85928 
85031| 85688 


of water. |of water. 
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87466 88018. 
87228 87776 
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86542) 87114. 
§6302| 86879 
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90127 
89909 
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89458 
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88773 
885358 
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88120 
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Real Specific Gravities at the different Temperatures. 
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From these tables, when the specific gravity of any spiri- 


tuous liquor is ascertained, it will be easy to find the quan- 
tity of rectified spirit of the above mentioned standard, 
contained in any given quantity of it, either by weight or 
measure. | 
Dr. Blagden concludes this part of the report with 
observing, that as the experiments were made with pure 
spirit and water, if any extraneous substances are contained 
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in the liquor to be tried, the specific gravity in the tables 
will not give exactly the proportions of water and spirit 
in it. ‘The substances likely to be found in spirituous 
liquors, where no fraud is suspected, are essential oils, 
sometimes empyreumatic, mucilaginous or extract matter, 
and perhaps some saccharine matter. The effect ofthese, 
in the course of trade, seems to be hardly such as would 
be worth the cognizance of the excise, nor could it easily 
be reduced to certain rules. Essential and enpyreumatic 
oils are nearly of the same specific gravity as spirit, in 
general rather lighter,*and therefore, notwithstanding the 
mutual penetration, will probably make little change in 
the specific gravity of any spirituous liquor in which they 
are dissolved. The other substances are all heavier than 
spirit; hence they will make spirituous liquors appear 
less strong than they really are. 

The followmg table drawn up by Dr. Thomson, ex- 
hibits the specific gravity at every degree of temperature 
from 30° to 80° of a mixture of 100 parts of Gilpin’s 
standard alcohol, and 65.6486 parts of water by weight. 
This mixture constitutes spirits 8 per cent. above proof, 
according to the language of Sykes’s hydromete;y, or 1 to 
10 above proof by Clarke’s hydrometer. 
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HYDROMETER ror Sririr, (Stoxes’s).—This in- 
strument possesses quite sufficient accuracy for all com- 
mon, practical purposes, it is cheap, and of very easy 
application, it requires the assistance neither of a book 
of tables, of a sliding rule, nor of weights. By means 
of it the value of a given spirituous liquor may be as- 
certained to one-fourth of a degree above or below 
proof; and hence it is of great service to those dealers 
in spirituous liquors who either object to the cost of 
Sykes’s instrument, or who feel embarrassed in making 
the calculations required for the correct employment 
of it. +4 

The instrument consists of a spherical glass ball, with a 
short tube at the bottom, connected with a smaller bulb 
in which is contained quicksilver requisite to bring the 
instrument to its real weight so as to correspond with the 
scale. ‘The stem is about seven inches long, and contains 
a double scale, one coloured, the other white or plain. 
‘These scales are drawn on paper, which is introduced into 
the hollow of the stem, and being fixed by means of 
cement at the lower end, is afterwards prevented from 
derangement or injury by hermetically sealing the mouth 
of the stem. The plain scale of the hydrometer shows 
the per-centage of spirit above or below proof, and can 
be extended, if required (upward) to 70 per cent. over 
proof, or (downward) to water. The thermometer is 
divided into 15 degrees more or less, and each division 
subdivided into halves and quarters, computed from zero 
or 0 upward, and from the same point downward, to the 
extent of the tube. The words ‘ add,’ below zero, and 
‘ substract’ above the same, show the number of degrees 
to be added to, or substracted from the line of indication 
on the coloured scale of the hydrometer; such number 
being the variation of the temperature from the point zero, 
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above or below, is thus used to ascertain the real from the 
apparent indication. 
To use this instrument, fill a glass cylinder nearly with 
the spirit which is to be tried, and immerse the hydrometer 
therein to the depth of the ball; suffer it then to sink 
until it finds its resting point. When the instrument be- 
comes stationary, observe what number of degrees marked 
on the coloured part of the scale within the stem corres- 
ponds with the surface of the spirit—suppose it be 273; 
place this number on a slip of paper: this done, the 
hydrometer is to be taken out, and the thermometer dipped 
into the spirit, in order to ascertain the temperature of the 
latter. Observe now the point or degree at which the 
quicksilver settles—suppose it to be 25 below zero or 0; 
place this number down also on the slip of paper under 
273 
the 273, and add them together thus: 24, making a sum 
of 30%. Look, in the next place, for 304 on the coloured 
scale, in a line with which, on the white or plain scale, 
will be found 18.2. This last number is the per-centage 
above proof of the spirit, and corresponds exactly with 
what would be determined by Sykes’s hydrometer, 
But suppose, secondly, the resting point of the hydro- 
meter and corresponding surface of the spirit be 22.0 on 
the coloured scale, and on the hydrometer being again 
drawn and the thermometer immersed, that the quicksilver 
in the latter should stand at 24 above 0, place these two 
numbers down as before, and substract the lower from 
22.0 

the upper, thus: 24, the number remaining indicates 
193 

the strength of the spirit; which at 193, as in this 
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example, is exactly of proof strength,as shown by Sykes’s 
hydrometer. 

Thirdly, suppose the indication or surface number of 
degrees on the coloured scale, when the hydrometer is at 
its subsiding point, to be 144, and the quicksilver in the 
thermometer (on its subsequent immersion) to settle at 0; 
it being obvious here that there is no number either to 
add or to substract, a reference to the white or plain scale 
alone will be sufficient. The per-centage or strength of 
the spirit will, in this case, be indicated by that number of 
degrees on the plain scale which stands level with the 
surface of the spirit; and the strength of the latter will, 
in this example, be found to be 10 per cent. under proof. 


HYDROMETRICAL BEADS.—See AEROMETRICAL 
Beans, page 40. 


HYDROSTATIC FUNNEL.—See page 122. 


HYDROSTATIC BALANCE. — See _  Batance, 
page 46. 


HYGROMETER, (Saussvre’s.)—An instrument to 
measure the degrees of dryness or moisture of the atmo- | 
sphere. There are divers sorts of hygrometers; for 
whatever body either swells or shrinks, by dryness or 
moisture, is capable of being formed into an hygrometer. 
Such are woods of most kinds, such also is catgut, the 
beard of a wild oat, &c. Hygrometers acting on other 
principles have been contrived, by Leslie, Wilson, and 
Daniell, as will be shown presently. 

All bodies that are susceptible of imbibing water have 
a greater or less disposition to unite themselves with that 
fluid, by the effect of an attraction similar to chemical 
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affinity. If we phmege into water several of these bodies, 
such as wood, a sponge, paper, &c. they will appropriate 
to themselves a quantity of that liquid, which will vary 
with the bodies respectively ; and, as in proportion as 
they tend towards the point of saturation, their affinity 
for the water continues to diminish, when those which 
have most powerfully attracted the water, have arrived at 
the point, where their attractive force is found solely 
equal to that of the body, which acted most feebly upon 
the same liquid, there will be established a species of 
equilibrium between all those bodies, in such manner, 
that at this term the imbibing will be stopped. If there 
be brought into contact two wetted or soaked bodies, 
whose affinities for water are not in equilibrio; that whose 
affinity is the weakest, will yield ef its fluid to the other, 
until the equilibrium is established ; and it is im this dis- 
position of a body to moisten another body that touches 
it, that what is called humidity properly consists. Of all 
bodies, the air is that of which we are most interested to 
know the different degrees of humidity, and it is also 
towards the means of procuring this knowledge, that 
philosophers have principally directed their researches; . 
and henee the various kinds of instruments that have been 
contrived to measure the dryness of the ar. A multi- 
tude of bodies are known, in which the humidity, in pro- 
portion as it augments or diminishes, occasions divers 
degrees of dilatation or of contraction, according as the 
body is inclmed to one or other of these effects, by reason 
of its organization, of its texture, or of the disposition of 
the fibres of which it is the assemblage. For example, 
water, by introducing itself within cords, makes the fibres 
twist and become situated obliquely, produces between 
those fibres such a separation, as causes the cord to 
thicken or swell, and, by a necessary consequence, to 
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shorten, The twisted threads, of which cloths are fabri- 
cated, may be considered as small cords, which expe- 
rience, in like manner, a contraction by the action of 
humidity; whence it happens, that cloths, especially 
when wetted for the first time, contract in the two direc- 
tions of their intersecting threads ; paper, on the contrary, 
which is only an assemblage of filaments very thin, very 
short, and disposed irregularly in all directions, lengthens 
in all the dimensions of its surface, in proportion as the 
water, by insinuating itself between the intervals of those 
filaments, acts by placing them further asunder, proceed- 
ing from the middle towards the edges. Hence different 
bodies have been employed successively in the construc- 
tion of hygrometers, chosen from among those in which 
moisture produces the most sensible motions. Philose- 
phers have sought also to measure the humidity of the 
air by the augmentation of weight undergone by certain 
substances, such as a tuft of wool, or portions of salt, by 
absorbing the water contained in the air. But, besides 
that these methods are in themselves very imperfect, 
the bodies employed were subject to alterations which 
would make them lose their hygrometric quality more or 
less promptly; they had, therefore, the double inconve- 
nience of being inaccurate, and not of long service.— 
To deduce from hygrometry real advantages, the instru- 
ment must be put im a state of rivalry with the thermo- 
meter, by presenting a series of exact observations, such 
as may be comparable under different circumstances. ‘The 
celebrated Saussure, to whom we are indebted for a very 
estimable work on hygrometry, has attained the accomplish- 
ment ofthis object by a process of which we shall attempt 
to give some idea. The principal piece in his hygrometer 
is a hair, which Saussure first causes to undergo a prepara- 
tion, the design of which is to divest it of a kind of oiliness 
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that is natural to it, and that secures it to a certain point, 
from the action of humidity. This preparation is made at 
the same time upon a certain number of hairs forming a 
tuft, the thickness of which need not exceed that of a 
writing pen, and contamed in a fine cloth serving them 
for a case. The hairs thus enveloped are immersed in a 
long-necked phial full of water, which holds in solution 
nearly a hundredth part of its weight of sulphate of soda, 
this water is made to boil nearly thirty minutes. The hairs 
are then passed through two vessels of pure water, while 
they are boilmg; afterwards they are drawn from their 
wrapper, and separated ; then they are suspended to dry 
in the air; after which there only remains to make choice 
of those which are the cleanest, softest, most brilliant, and 
most transparent. Itis known that humidity lengthens the 
hair, and that the process of drying shortens it. To render 
both these effects more perceptible, Saussure attached one 
of the two ends of the hair to a fixed point, and the other 
to the circumference of a moveable cylinder, that carries 
at one of its extremities a light index or hand. The hair 
is bound by a counter-weight of about three grains, sus- 
pended by a delicate silk, which is rolled ma contrary 
way about the same cylinder. In proportion as the hair 
lengthens or shortens, it causes the cylinder to turn in one 
or the other direction, and by a necessary consequence, 
the little index turns likewise, the motions of which are 
measured on the circumference of a graduated circle, 
about which the index performs its revolution as in com- 
mon clocks. In this manner a very small variation in the 
length of the hair becomes perceptible, by the much more 
considerable motion that it occasions in the extremity of 
the index; and it will be easily conceived, that equal 
degrees of expansion, or of contraction in the hair, an- 
swer to equal arcs described by the extremity of the 
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index. To give to the scale such a basis as may establish 
a relation between all the hygrometers that are constructed 
upon the same principles, Saussure assumes two fixed 
terms, one of which is the extreme of humidity, and the 
other that of dryness: he determines the first by placing 
the hygrometer under a glass receiver, the whole interior 
surface of which he had completely moistened with water ; 
the air being saturated by this water, acts by its humidity 
upon the hair to lengthen it. He moistened anew the in- 
terior of the receiver, as often as it was necessary ; and he 
knew that the term of extreme humidity was attained, when, 
by a longer continuance under the receiver, the hair 
ceased to extend itself. To obtain the contrary limit of 
extreme dryness, the same philosopher made use of a hot 
and well-dried receiver, under which he included the 
hygrometer, with a piece of iron plate, likewise heated 
and covered with a caustic alkali. Thissalt, by exercising 
its absorbent faculty upon the remaining humidity in the 
surrounding air, causes the hair to contract until it 
has attained the ultimate limit of its contraction. The 
scale of the instrument is divided into hundred degrees. 
The zero indicates the limit of extreme dryness, and the 
number one hundred that of extreme humidity. The 
effects of moisture and of dryness upon the hair, are 
modified by those of heat, which act upon it, sometimes in 
the same sense, and sometimes in a contrary one; so that, 
if it be supposed, for example, that the air is heated about — 
the hygrometer, on one part, this air, whose dissolving 
power with regard to the water will be augmented, will 
take away from the hair a portion of the water which it 
had imbibed, thus tending to shorten the hair; while, on 
the other part, the heat, by penetrating it, will tend, 
though much more feebly, to lengthen it; and hence 
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the total effect will be found to consist of two partial 
and contrary effects, the one hygrometric, the other 
pyrometric. In observations which require a certain 
precision, it is therefore necessary to consult the ther- 
mometer at the same time with the hygrometer; and 
on this account, the inventor has constructed, from 
observation, a table of correction, which will put it in 
the power of philosophers always to ascertain the de- 
gree of humidity of the air, from the effect produced 
by the heat. 


HYGROMETER, (De Luc’s,) fig. 1, plate V.i—De 
Luc employed for the construction of his hygrometer, a 
thin slip of whalebone, which performs the same office as 
the hair in the hygrometer of Saussure. He kept this 
whalebone bent by means of a spring, the action of which 
he preferred to that of a weight: he determined the de- 
gree of extreme humidity, by immersing the slip of 
whalebone entirely under water; and to fix the opposite 
limit, which is that of extreme dryness, he made use of 
quick lime, which he enclosed with the bygrometer under 
a glass bell. The choice of lime is founded on this, that 
the calcination of it having produced a higher degree 
of dryness, if it be afterwards left to cool, so far that it 
may be placed without imconvenience under the glass 
bell destined for the experiment, it will be still found, 
as to sense, in the same state of dryness, since it is 
very slow im acquiring humidity; and thus all its ab- 
sorbent power will be employed to dry up, by little 
and little, the air contained under the receiver, and 
to make the hygrometer itself pass to a state which 
approaches the nearest possible to extreme dryness. 


The design exhibited fig. 1, plate V., shows De Luc’s 


te 
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hygromeier as now constructed for common use; it is 
made of various dimensions, but the figure is but one 
half the size of the instrument. The slip of whaie-bone 
is represented by a, b, one end is fixed to a bar, which is 
moved by a screw for adjusting first the index on the 
dial ring x. 


HYGROMETER, (Dante.t’s).—This hygrometer 
excels all others in sensibility and accuracy; it is not 
liable to be out of order, its application requires no 
skill, and it is the best weather glass that has been con- 
trived. We are mdebted to Mr. Daniell for some curious 
and highly important facts with regard to the application 
of this new instrument ; he has amply shewn,* that by the 
help of this hygrometer, when associated with the action 
of the barometer and the thermometer, we have reason to 
hope to unravel, with more or less success, the complication 
of different causes which influence the variations of the 
atmosphere ; for it is only by the aid of a long series of 
observations, made conjointly by these instruments, together 
with all the indications which are deduced from the state 
of the heavens, that we can obtain such data as will 
enable us to prognosticate, with great probability, me- 
teorological changes, and to arrive at a plausible theory 
upon this object, so interesting, and so naturally calcu- 
lated to excite our curiosity. We exist in a continual de- 
pendence upon the atmosphere, and upon the timely 
alterations of serene and rainy days, for the labours of 
agriculture, for our voyages, for our various enterprises, 
and even for our amusements and pleasures. ~“Mr. 
Daniell’s hygrometer is well calculated to blend the 
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useful with the agreeable in an obscure art which may 
put it in our power to take precautions against what we 
apprehend and to enjoy by well founded anticipation, 

that which excites our hopes. 7 


The subjoined figure exhibits a sketch of Mr. Daniell’s 
new hygrometer. 
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 Aand b are two thin glass balls of 14 inch in diameter, 
connected together by a tube, having a bore of about 4th 
of an inch. The tube is bent at right angles over the two 
balls, and the arm J, c, contains a small thermometer, d, e, 
whose bulb, which should be of a lengthened form, de- 
‘scends into the ball 6. This ball, having been about two- 
thirds filled with ether, is heated over alamp till the fluid 
boils, and the vapour issues from the capillary tube f, 
which terminates the balla. The vapour having expelled 
the air from both balls, the capillary tube f is closed her- 
mé.cally by the flame of a lamp. This process is well 
known to those who are accustomed to blow glass, and 
may have been known to have succeeded, after the tube 
has become cool, by reversing the instrument and taking 
one of the balls in the hand, the heat of which will drive 
all the ether into the other ball, and cause it to boil 
rapidly. The ball, a, is now to be covered with a 
piece of muslin. The stand g, h, is of brass, and the trans- 
verse socket i, is made to hold the glass tube, in the manner 
of a spring, allowing it to turn and be taken out with little 
difficulty. A small thermometer, 4, /, is inserted into the 
pillar of the stand. 

The manner of using the instrument is this: After hav- 
ing driven all the ether into the ball 4, by the heat of the 
hand, it is to be placed in an open window, or out of doors, 
with the ball 5 so situated as that the surface of the liquid 
may be upon a level with the eye. A few drops of ether 
are then to be poured upon the covered ball. Evapora- 
tion immediately takes place, which producing cold upon 
the ball a, causes a rapid and continuous condensation of 
the ethereal vapour in the interior of the instrument. The 
consequent evaporation from the incladed ether produces 
‘cold in the ball 4, the degree of which is measured by the 
thermometer, d,e. This action is almost instantaneous. 

o 
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The thermometer begins to fall in two seconds after the 
ether has been dropped. A depression of 30 degrees is 
éasily produced, and sometimes the ether boils, and the 
thermometer fails below 0° of Fahrenheit’s scale. The 
artificial cold thus produced causes a condensation of the 
atmospheric vapour upon the ball », which first makes its, 
appearance in a thin ring of dew coincident with the sur- 
face of the ether. The degree at which this takes place 
is to be carefully noted. A little practice may be necessary — 
to seize the exact moment of the first deposition, but cer- 
tainty is very soon acquired. It isadvisable to have some 
dark object behind the instrument, such as a house or a 
tree, as the cloud is not so soon perceived against an open 
horizon. The depression of temperature is first produced 
at the surface of the liquid where evaporation takes place, 
and the currents which immediately ensue to restore the 
equilibrium, are very perceptible. The bulb of the ther- 
mometer d ¢ is not quite immersed in the ether, that the 
line of greatest cold may pass through it. The greatest 
difference that Mr. Daniell has observed in the course of 
four month’s daily experiments between the external 
thermometer & J, and the internal one e d, at the moment | 
of precipitation in the natural state of the atmosphere, was __ 
20 degrees. In very damp weather the ether should be 

slowly dropped upon the ball, otherwise the descent of the | 
thermometer is so rapid as to render it impossible to be | 
certain of the degree. In dry weather, on the contrary, | 
the ball requires to be well wetted more than once, to pro- | 
duce the requisite degree of cold. It is almost superfluous | ; 
to observe, that care should be taken not to permit the) 
breath to affect the glass. With these precautions the 
observation is simple, easy, and certain. i 


| 
When the instrument is required to act merely as aj 


weather-glass, to predict the greater or less probability ofl 
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rain, &c. which is the commonest use to which it can be 
applied, the difference between the constituent tempera- 
‘ture of the vapour, and that of the air, is all that is neces- 
sary to be known. The probability of rain or other pre- 

_ cipitation of moisture from the atmosphere, is in an inverse 
proportion to this difference. As a weather-glass, this 
hygrometer* is more to be depended upon than any instru- 
ment that has yet been proposed. 

By combining the rise and fall of the barometer with 
‘the effects of this instrument, we learn to modify their re- 
sults, and by so doing can hardly be deceived in the 
weather for many hours in advance. The indications are 
to be corrected according to circumstances in the follow- 
ing manner :—In summer time, when the diurnal variations 
of temperature are great, regard is to be had to the time 
of day at which the experiment is made. In the morning, 
supposing the difference between the temperature of the 
air and the constituent temperature of the vapour to be 
small, it is to be recollected, that the accession of heat 
during the day is great, and that the difference will there- 
fore probably increase. If the point of condensation 
should at the same time be lowered, it is an indication of 
very fine weather. If, on the contrary, the heat of both 
should increase with the day in nearly equal progression, 
rain will almost infallibly foilow, as the heat of the air falls 
with the setting sun. In showery weather the indications 
of this instrument vary rapidly three or four degrees, and 
a person making observations at short mtervals of time, 
may easily predict the approach of a storm. 

Fogs also, and mists, must be taken into consideration. 
They produce the same efiect upon the instrument as the 


* See the Journal of Science and Art, Vol 9; No. XVII. 
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greater precipitations of rain. A change from fine weather 
to rain is more quickly perceptible in low situations than 
one from wet to fine, for the effect of a shower lasts rather 
longer than the state of the atmosphere in higher regions 
would warrant, on account of the damp exhalations from 
the moistened ground. 

In cases of mist, fog, and cloud, the instrument will 
sometimes exhibit a different kind of action. If it be 
brought from an atmosphere of a higher temperature into 
one of a lower degree, in which condensed aqueous par- 
ticles are floating, the mist will begin to form upon the 
ball at a temperature several degrees higher than that of 
the air. The difference, Mr. Daniell believes, is propor-_ 
tionate to the density of the cloud or mist; but, this phi- 
losopher says, “ I speak with diffidence upon this point, 
as I have not had sufficient opportunities of verifying it 
by experiment. I have sometimes thought, that I have 
perceived a difference in this respect, in different modifi- 
cations of the cloud, but this must be referred to future 
more extended observations. This action upon floating 
water does not at all interfere with it as measuring the 
force and quantity of vapour, for in all such cases the full 
saturation of the atmospheric temperature must have 
place, and consequently the temperature of the vapour 
must be coincident with that of the air.” 

Although the hygrometer we are now describing 
excels all others in sensibility, and accuracy with which 
it marks the comparative degrees of moisture and dry- 
o them in 


S 
degrees of the thermometer, refers them to a known 


ness in the atmosphere, and, by exhibitin 


standard of comparison, and thus speaks in a language 
which every body understands; yet, Mr. Daniell observes, 
it is not upon this alone that he ventures to found its 
claims of superiority. The great merit of this instrument 
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consists in indicating with ease and precision the positive 
weight of aqueous gas diffused through any given portion 
of space, and the force and elasticity of vapour, as mea- 
sured by the column of mercury which it is capable of 
supporting. The means of findmg these with ease and 
precision are furnished by the subjoined Table, upon the 
construction of which it will be necessary to make a few 


remarks: 


Taste [. 


Shewing the Force, Density, and Expansion, of Aqueous 
Vapour, at different Degrees of Temperature, from 
0° to 92° Fahr. 


Temp. 


RgROOURE ES Gn. SG NG SE 


Force. 


0.064 
0.066 
0.068 
0.071 
0.074 
0.076 
0.079 
0.0 2 
0.085 
0.087 
0.090 
0.093 
0.096 
0.100 
0.104 
0.108 
0.112 


0.116' 


0.120 
0.124 
0.129 
0.134 


Weig 
a Cubic 


hto 
Foot. $10 


Inches of 
Fahr. Mercury. Grains. 


0.789 


0.812 


0.835 
0.870 
0.906 
0.928 
0.963 
0.997 
1.032 
1.054 
1.089 
1.123 
1.156 
1.202 
1.247 
1.292 
1.337 
1.411 


1.428 | +1. 


1.474 
1.529 
1.586 


Temp. 


Force, 


Inches of 


*| Mercury. 


0.139 
0.144 
0.150 
0.156 
0.162 
0.168 
0.174 
0.180 
0.186 
0.193. 
0.200 
0.207 
0.214 
0.221 
0.229 
0.237 
0.245 
0.254 
0.263 
0.273 
0.283 
0.294 


Weight of 
a Cubic 


Foot. 
Grains. 
1.642 
1.698 
1.763 
1.831 
1.897 
1.959 
2.030 
2.096 
2.162 
2.240 
2.317 
2.393 
2.438 


1.064 


Expan- 
sion. 


1.045 
1.047 
1.050 
1.052 
1.054 
1.056 
1.058 | 
1.060 
1.062 


1.066 
1.068 
1.070 
1.072 
1.075 
1.077 
1.079 
1.081] 
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Taare Ll. Conttiued. 


‘ Weig bt of ! eight o 
Temp.| Force. .| a Cubic | Pavey Temp.| Force. | a Gsbie | See 
Foot. ; Foot. 
Fahe, |pches ot, Grains. ahr; |Bebes Fl” Grains, 


Mercury.| *|Mercury. 
A4 | 0.805 | 3.452 | 1.091 | 69 | 0.698 | 7.541 
45 | 0.316 | 3.570 | 1.093 || 70 | 0.791 | 7.776 
46 | 0.328 | 3.699 | 1.095 || 71 | 0.745 | 8.027 | 
47 | 0.3889 | 3.815 | 1.097 || 72 | 0.770 | 8.270 
48 | 0.351 | 3.940 | 1.100 | 73 | 0.796 | 8.533 
‘49 | 0.363 | 4.068 | 1.102 | 74 | 0.823 | 8.807 
50 | 0.3875 | 4.195 | 1.104 | 75 | 01851 | 9.091 
51 | 0.3888 | 4.830 | 1.106 |) 76 | 0.880 | 9.385 
52 | 0.401 | 4.468 | 1.108 | 77 | 0.910 | 9.688 
53 | 0.415 | 4.616 | 1.110 |) 78 | 0.940 | 9.992 
54 |.0.429 | 4.770 | 1.112 || 79 | 0.971 110.292 
55 | 0.443 | 4.910 | 1.114 | 80 | 1.000 {10.591 
56 | 0.458 | 5 068 | 1.116 | 81 | 1.040 |10.993 
57 | 0.474 | 5.235 | 1.118 ] 82 | 1.070 [11.293 
58 | 0.490 | 5.402 | 1.120 | 83 | 1.100 |11.590 
59 | 0.570 5.507 1.124) 84 | 1.140 |11.981 
60 | 0.524 | 5.761 | 1.125 | 85 | 1.170 |12.252 
61 | 0.542 | 5.950 | 1.127] 86 | 1.210 |12.681 
62 | 0.560 | 5.126 | 1.129 | 87 | 1.240 [12.966 
63 | 0.578 | 6.310 | 1.131 || 83 | 1.280 |13.368 
64 | 0.597 | 6.506 | 1.133 | 89 | 1.3829 |13.756 
65 | 0.616 | 6.614 | 1.185 || 90 | 1.3560 |14.150 
66 | 0.635 | 6.912 | 1.137 |) OL | 1.400 |14.542 
67 |,0.655 | 7.013 | 1.139 || 92 | 1.440 |14.931 


68 | 0.676 | 7.316 | 1.141 | —— 
212 | 30.000)257.119 


These tables are constructed upon Dalton’s experiments 
on the force of vapour from water. The second column 
of the table exhibits the force of aqueous vapour, in inches 
of mercury at the temperature opposed to it in the first 
column. Upon these two data, namely, the force and 
temperature of the vapour, are founded the calculations 
which have furnished Mr. Daniell with the series of the 
third column, which contains the weight in grains of a 
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cubic foot of the vapour at the corresponding temperature 
and pressure. The method of proceeding is this: Steam 
at 212°, and under a pressure of 30 inches of mercury, is, 
as nearly as possible, 1700 times lighter than an equal 
bulk of water. A cubic foot of water at its maximum of 
density, weighs 437102.4946 grains. ‘The weight, there- 
fore, of a cubic foot of steam at the above temperature and 
pressure, is 4374924946 or 257.1191 grains. From hence 
we may find the weight of an equal bulk of vapour of the 
same temperature, under any other given pressure, sup- 
pose 0.524: for the volume being in inverse proportion to 
the pressure 


Ins. Ins. Grs. Grs. 
ou. : 0.524 25 257.119": 4.491} 


the weight required. 

Having now obtained the weight of a cubic foot of 
vapour, at a pressure of 0.524, and at a temperature of 
212°, we may proceed to find its weight under the same 
pressure, at any other baie ate 60°. The gases, 
it will be remembered, expand ;+, part of their volume 
for every accession of heat, equal to 1° of Fahrenheit’s 
scale; therefore reckoning as unity a volume of gas at 0°, 
its volume at 60° is toits volume at 212° as 14.82 is to 
1+242, or: : 1.125 . :1.441, therefore the density and 
weight being an inverse proportion to the volume 


Ins. Ins. Grs. Grs. 
1.125 : 1.441 : ; 4.491 : 5.628 


the weight of a cubic foot of vapour at the temperature of 
60°, and a pressure of 0.524 inches. 

It must be further remembered, that it has been proved 
by Mr. Dalton, that as much vapour of determined tem- 
perature is formed in a given bulk of air, as in a vacuum 
of equal space; therefore the above result gives the 
weight of vapour, which can exist in a cubic foot of the 


f 
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air at the temperature of 60°. The fourth column of the 
table contams the proportionate expansion for the cor- 
responding degrees. | 

The calculations for these several series have been 
made to the third place of decimals, which will be suffi- 
ciently accurate for all common purposes. The manner 
of using the table will be best understcod from an ex- 
ample. 

Let the temperature of the atmosphere be 70°; and the 
point of condensation, as found by the hygrometer, 55° ; 
the pressure of the vapour, under these circumstances, is 
immediately found opposite to the degree of its consti- 
tuent heat 55° 0.443. To find its weight, we proceed 
thus :—supposing as much as possible to exist in the space 
of a cubic foot, its weight would be found upon the same 
line as its pressure, 4.910 grs. But its bulk is expanded 
by the existing temperature of the air; therefore we must 
seek in the fourth column for the degree of expansion, at 
55° 1.114, and at 70° 1.145, and apply the correction 
thus :— 


Bulk at 70°. Bulk at55°. = Grs. Grs. 
1145°: L114 + ¢ 4.910 ¢ 4.777 


the weight required. 

Now the state of the atmosphere, assumed above, would 
constitute fine weather, and one of two things, or a modi- 
fication of both, must happen before any precipitation of 
water could take place; either the temperature of the air 
must fall below 55°, or the quantity of vapour must in- 
crease to 7.776 ors. in the cubic foot, the maximum quan- 
tity that could exist at 70°, or the point of condensation 
might become intermediate, by a corresponding rise and 
fall of the two. 

In the first case, the precipitation would probably be 
only slight and transitory, such as mist, fog, or small 
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rain. In the second case, it would assume the form of 
hard rain and storms; while in the third, some conjecture 
might be formed of its probable duration and quantity, 
according as one or other of its causes prevailed. 

But the hygrometer can be made to measure, not only 
the quantity and force of vapour existing at any time in 
the air, but also it may be applied to indicate the force 
and quantity of evaporation. Mr. Dalton, in the course 
of that important train of mvestigation to which we have 
before had occasion to refer, ascertained that the quantity 
of water evaporated in a given time, bore an exact pro- 
portion to the force of vapour at the same temperature. 
The atmosphere obstructs its diffusion, which would 
otherwise be almost instantaneous, as in vacuo, but this 
obstruction is overcome in proportion to the force of the 
vapour. The obstruction, however, does not arise from the 
weight of the atmosphere, for that would prevent any vapour 
from arising under 212°; but, as Mr. Dalton observes, is 
caused by the vis inertie of the particles of air, and is simi- 
lar to that which a stream of water meets with in descending 
amongst pebbles. In ascertaining this point at ordinary 
atmospheric temperatures, regard must be had to the 
force of vapour already existing in the air. For instance, 
if water of 59° were the subject, the force of vapour of 
that temperature is 4, of the force at 212°, and one might 
expect the quantity of evaporation to be 4, also; but if it 
should happen, that an aqueous atmosphere to that amount 
does already exist, the evaporation, instead of being 3, 
of that from boiling water, would be nothing at all. On 
the other hand, if the aqueous atmosphere were less than 
that, suppose half of it, then the effective evaporating 
force would be zs of that from boiling water; in short, 
the evaporating force must be universally equal to that of 
the temperature of the water, diminished by that already 
existing in the atmosphere. 
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But the air, by its mechanical action, has another in- 
fluence upon the rate of evaporation. When calm and 
still, it merely obstructs the process; but when in motion, 
it increases its effect in direct proportion to its velocity, 
by removing the vapour as it forms. Mr. Dalton fixes 
the extremes that are likely to occur in ordinary circum- 
stances at 120 and 189grs. per minute, from a vessel of 
six inches diameter, at a temperature of 212°. 

Upon these data, he has constructed the following 


Tasre IT. | : 
Shewing the Force of Vapour, and the full evaporating 
Force of every Degree of Temperature, from 20° to 
85°, expressed in Grains of Water that would be raised 
per Minute from a Vessel of six Inches in Diameter, 
supposing there were no Vapour already in the Atmo- 


sphere. 
; Force of || Evaporating Force |j, Force of | Evaporating Force 
Cemp. Vapour. in Grains. Temp. Vapour. in Grains. 


154. 


lo12.| 30. ||120. 


189. |/212.} 30. 20. 
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Tarte Ll. Continued. 


renege pape ap ng ERS (RES RT I a NR) 
| Force of | Evaporating Force , Tem Force of Evaporating Force. ! 
‘| Vapour. in Grains. | ‘| Vapour. in Grains. 


120. 189. R12. 30. 120. 154, iso. 


0.655 (2.62 [3.87 [4.12 


=) 

joe 

en) 

S 
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The first column contains the degrees of temperature ; 
the second the corresponding force of vapour; the third 
the amount of evaporation per mimute, from a vessel of six 
inches diameter, in calm weather; the fourth the amount 
in a moderate breeze; and the fifth in a high wind. 

The use of this table as applied to Mr. Daniell’s by- 
grometer is this: let it he required to know-the force of 
evaporation at the existing state of the atmosphere. 
Find the point of condensation by the instrument as 
hefore directed; subtract the grains opposite that tem- 
perature, either in the third, fourth, or fifth columns, 
according to the state of the wind, from the grains oppo- 
site to the temperature of the air in the same column. 
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and the remainder will be the quantity evaporated in a - 
minute, from a vessel of six inches diameter under the 
given circumstances. For example;—let the point of 
condensation be 52°, the temperature of the air 65°, with a 
moderate breeze. The number opposite 52° in the fourth 
column is 2.06, and that opposite 65° is 3.16 ; the difference 
1.1 grain, is the evaporation per minute. 

We shall now proceed to describe the manner of apply- 
ing the hygrometer to artificial atmospheres, and to detail 
some experiments with it, detached from the preceding 
series. ‘The subjoined figure represents a bell-glass, pre- 
pared for this purpose. — 


7 


A hole is drilled in its side, through which the tube, 
proceeding from the ball placed under it, containing the 
thermometer, is passed, and welded with the tube proceeding 
from the other ball on its exterior side, by means of a lamp ; 
the stem is then secured in the side of the glass by means 
of cement, and the ether boiled, and the capillary opening 
secured as before directed. The exterior ball is then to 
be covered with muslin. In this way the evaporation from 
the latter produces a corresponding degree of cold upon 
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-the ball under the bell-glass, and will measure the quantity 
of vapour included, by the precipitation which may readily 
be marked. The bell-glass may be secured by grinding, 
and other well known means, from any Commmenieation 
with the exterior air. 

The hygrometric properties of any substance may thus 
be easily measured, by placing it under the receiver, and 
marking the absorption of the vapour. ) 

The last application of the hygrometer, which we shall 
point out, is perhaps of superior importance to any of those 
which we have been considering. We mean the correc- 
tion which it affords to barometrical measurements. The 
principle upon which the barometer is at present applied 
to the determination of heights, is the gradation of the den- 
sity of the atmosphere, considered as a homogeneous fluid 
of uniform composition. The only correction at present 
‘applied, is an allowance for the disturbing influence of 
heat by the expansion of the air, and consequent augmen- 
tation of the elevation due to a given difference of atmos- 
pheric pressure. But the atmosphere is not, in fact, of 
uniform composition ; the quantity of aqueous vapour, one 
of its component parts, varies almost every hour of the 
day. It is subject to sudden increase, and as sudden di- 
minution: and in its ascent to higher regions, follows 
a very different law from that of the permanent elastic 
fluids. The barometer measures the total pressure of the 
compound atmosphere, the hygrometer furnishes us with 
the means of estimating the insulated pressure of that 
portion of it, which is fluctuating in quantity, and uncer- 
tain in composition; by deducting the latter from the 
former, we bestow upon the problem the necessary con- 
dition of its assumed simplicity. In low latitudes this cor- 
rection is of most particular importance, as the pressure and 
quantity of the vapour is in some proportion to the heat. 
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For example, Capt. Webb, in his Memoir upon the Mea- 
surement of the Himalaya Mountains,* informs US, that he 
computed the elevation of a nujaber of stations, upon that 
lofty range, from the obser ation ‘of a column’ of mercpry, 
compared with the mean height of the barometer at Cal- 
cutta in the same season. Now the thermometer, i 1D the. 
latitude of the latter place, generally ranges throughout the 
year betrcen 75° and 95°, and often rises to 100°, and 
sometimes to 110. We shall, therefore, be probably 
under the mark in assuming the temperature of Calcutta, 
during Captain Webb’s observations, at 0°. The sum- 
mits of the Himalaya mountains are above the limits of 
perpetual congelation; therefore, we cannot be much in 
error in fixing the temperature of these higher stations at © 
32°. We will next suppose that the air at Calcutta was 
not saturated with moisture, but that the point of conden- 
sation was 10° below the temperature of the air, while, 
on the mountain, it was at its highest limit. The column 
of mercury which the former would support would be 
0.721 in. .. while that which would counterbalance the 
latter, would only be 0.200 in., making a difference of 
0.521 in., to be deducted from the echt, of the barometer 
at the lower station, and amounting to an error of 468 
fect in the estimated height of the upper. This, of course, 
as far as regards the Himalaya measurements, is a very 
rough calculation, and the amount of the error is probably 
below the truth ; it will, however, sufficiently demonstrate 
the nature and importance of the correction. In higher 
latitudes, and in the winter season, the state of the vapour - 
may more safely be disregarded, for its pressure increases 
much more rapidly m the higher part of the thermometric 
scale for every degree of temperature, than it does in the 


: Journal of the Royal Institution, Vol. vi. p. 55. 
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| be its influence, however, under all circumstances, is 
* sufficiently great to make it of consequence, when any 
thing like accuracy Is required. 

We shall now conclude this abstract of Mr. Daniell’s 
paper. No one, says this philosopher, can be more aware 
than myself of the incomplete state in which I have pre- 
sumed to bring forward my observations. More time, 
and better opportunities, were required to attain that 
accuracy which is so desirable in experimental in- 

_ quiries. London, moreover, is perhaps the worst place in 
the world for meteorological pursuits. Observations 
upon clouds, dew, and winds are almost precluded, and 
any comparison of heights is very limited indeed. Know- 
ing, however, that the great value of the instrument which 
1 have contrived, must be derived from the number, extent, 
and comparison of the experiments to be performed with 
it, by different observers, in different situations, I have 
thought it more for the advantage of science to bring it 
forward at once, trusting to the candour of the learned to 
allow of the validity of the excuse. 


. HYGROMETER, (Lesuie’s.)—The ball of the dif- 
ferential thermometer, (fig. 1, plate XIII.,) which contains 
the supply of coloured liquid, or of the photometer being 
covered with several coats of cambric or tissue paper, 
and wetted with pure water, forms Leslie’s Hygrometer, 
it will mark, by the descent of the column in the 
opposite stem, the constant diminution of temperature 
which is caused by evaporation from that humid surface, 
and it must consequently express the relative dryness cf 
the ambient air. In a very short space, seldom indeed 
exceeding two minutes, the full effect is produced; and 
under the same circumstances, it will continue unaltered, 
till the whole of the moisture has exhaled. To exclude 
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entirely the mixture of photometrical influence, or prevent 
any derangement which the action of light might other- 
wise occasion, the opposite balls are made to exhibit 
nearly the same colour and opacity, the naked one being 
blown of green and blue glass, or the papered one 
besides covered with a bit of thin silk, of rather a light 
shade, so as to take a deeper tint when moistened. 
Leslie’s hygrometer has, like his photometer, two dif- 
ferent forms; the one portable, and the other stationary. 
The former, having its balls in the same perpendicular 
line as here represented; it is protected by a case of wood 


or ivory, and fitted for carrymg in the pocket; two or 
three drops of pure water from the tip of a quill or a 
hair pencil being applied to the surface of the covered 
ball, and the mstrument held m a vertical position as 
often as it is used. 

The latter form is calculated for somewhat greater 
accuracy than the other, since its balls, though bent 
opposite ways, are on the same level. In this construc- 
tion of the instrument, the covered ball, after being once 
wetted, is kept constantly moist, by means of some fibres 
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of floss-silk passing close over it, and immersed, at the 
distance of a few inches in a tall glass decanter full of 
water, with a stopper which leaves open asmall projecting 


lip. 


The capillary attraction of these filaments conveys the 
liquid to the surface of the humid ball, as fast as it wastes 
by evaporation; but to insure their regular action, the 
silk should be previously soaked in hot water, to extract 
any gum that may adhere to it, and the mouth of the 
decanter should stand a little higher than the balls of the 
hygrometer. When thus arranged, the hygrometer will, 
without any help, perform accurately for weeks or even 
months ; and after the silky filaments have become choked 
with dust, their activity may be again restored by washing 
them carefully with a fine wet brush. 

The condition of the atmosphere with respect to dryness 
is extremely variable. In our climate, says Professor 
Leslie, the hygrometer will, during winter, mark from 5 
to 25 degrees ; but, in the summer months, it will generally 
range between 15 and 55 degrees, and may even rise, 
on some particular days, as high as 80 or 90 degrees. In 
thick fogs, the instrument stands almost at the beginning 

P 
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of the scale; it commonly falls before rain, and remains 
low during wet weather; but it mounts powerfully in 
continued tracts of clear and warm weather. The greatest 
dryness yet noticed was at Paris, in the month of Septem- 
ber, when it reached to 120 degrees. But for want of 
observations, we are totally unacquainted with the real 
state of the air in the remote and tropical climates. 

When the indication of the hygrometer does not exceed 
15 degrees, we are directed by our feelings to call the air 
damp; from 30 to 40 degrees we begin to reckon it dry ; 
from 50 to 60 degrees we should account it very dry, and 
from 70 degrees upwards we might consider it as 
intensely dry. A room is not comfortakle, or perhaps 
wholesome, if it has less than 30 degrees of dryness; but 
the atmosphere of a warm occupied apartment will com- 
monly produce an effect of upwards of 50 degrees. 

But this hygrometer will perform its office even if it 
be exposed to frost. ‘The moisture spread over the surface 
and imbibed into the coat of the papered ball, will first 
cool a few degrees below the freezing point, and then 
congeal quickly into asolid compound mass. The moment 
in which congelation begins, a portion of heat liberated 
in that act brings the ball back to the temperature of 
freezing, and the coloured liquor, in proportion to the 
coldness of the external air, starts up in the opposite stem, 
where it remains at the same height, till the process of 
consolidation is completed. After the icy crust has been 
formed, evaporation again goes regularly forward; and if 
new portions of water be applied, the ice will, from the 
union of those repeated films, acquirea thickness sufficient 
to last for several days. ‘The temperature of the frozen 
coat becomes lowered in proportion to the dryness of the 
atmosphere. ‘The measure of heat deposited on the chill 
surface by the contact of the ambient air is then counter- 
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balanced by the two distinct, though conjoined measures 

of heat, abstracted in the successive acts of converting 

the exterior film of ice into water and this water into 

steam; which transformations that minute portion must 

undergo before it can unite with its gaseous solvent. But 

the heat required for the melting of ice being about the 

seventh part of what is consumed in the vaporization of 
water, it follows that the hygrometer, when the surface 

of its sentient ball has become frozen, will, in like cir- 

cumstances, sink more than before by one degree in 

seven. ‘This inference is entirely confirmed by observa- 

tion. Suppose, in frosty weather, the hygrometer, placed 

on the outside of the window, to stand at 28 degrees ; it 

may continue for some considerable time at that point, 
until the congelation of its humidity commences: but 

after this change has been effected, and the equilibrium 

again restored, the instrument will now mark thirty-two 

degrees. 

The theory of Leslie’s hygrometer will enable us. to 
determine not only the relative, but even the absolute 
dryness of the air or the quantity of moisture which it 
can absorb, by comparing the capacity of that solvent 
with the measure of heat required to convert a given 
portion of water into steam. ‘To discover the capacity of 
air, is however a problem of great difficulty, and it has 
not been yet ascertained with much precision. Professor 
Leslie thinks that it is generally estimated by far too 
high; and from several concurring observations, he 
reckons the capacity of air to be only three eighth parts 
of that of water. But 600 centigrade degrees, or 6000 
on the millesimal scale, being consumed in the vaporiza- 
tion of water, this measure of heat would prove sufficient 
to raise an equal mass of air 16,000 millesimal degrees, 
or those 6000 degrees augmented in the ratio of 8 to 8. 

Pod 
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Now, at the state of equipoise, the quantity of heat that 
each portion of the aérial medium deposites in touching 
the chill exhaling surface, or what answers to the de- 
pression of temperature which it suffers from this contact, 
must, as we have seen, be exactly equal to the opposite 
measure of heat abstracted by it in dissolving its corres- 
ponding share of moisture. Wherefore, at the tempera- 
ture of the wet ball, atmospheric air would take up 
moisture amounting to the 16,000th part of its weight, for 
each degree marked by the hygrometer. Thus supposing: 
the hygrometer to mark 50 degrees, the air would then 
require humidity equal to the 320th part of its weight, for 
saturation at itsreduced temperature. When the papered 
ball of the hygrometer is frozen, the degrees on this in- 
strument must have their value increased by one-seventh, 
so that each of them will now correspond to an absorption 
of moisture equal to the 14,000th part of the weight of 
the air. 

But the value of those degrees becomes augmented in 
a much higher proportion, if the hygrometer be immersed 
in hydrogen gas. Since this very dilute medium has ten 
times the capacity of common air, the quantity of heat 
which, under similar circumstances, it will deposite on the 
evaporating surface, must likewise, from the same prin- 
ciple of mutual balance, be tenfold greater, and conse- 
quently each hygrometric degree will indicate an absorp- 
tion of moisture equal in weight to the 600th part of the 
solvent. The energy of hydrogen gas is therefore not 
less remarkable in dissolving moisture than in containing 
heat. 

Professor Leslie ohserves, that ifa large receiver, having 
a delicate hygrometer suspended within it, be placed on 
a brass plate and over a metal.cup containing some water, 
the jncluded air will, from the solution of the moisture, 
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become gradually damper, and this progressive change 
is marked by the instrument. Yet the mass of air will 
never reach its term of absolute humidity, and before the 
hygrometer points at 5 degrees, the inside of the receiver 
appears covered withdew. While the humifying process 
therefore still goes on, the close attraction of the glass 
continually robs the contiguous air of a portion of its 
moisture ; so that a kind of perpetual distillation is main- 
tained through the aérial medium; the vapour succes- 
sively formed, being again condensed on the vitreous 
surface. But if, instead of the receiver, there be sub- 
stituted a vessel formed of polished metal, the confined 
air will pass through every possible degree of humidity, 
and the hygrometer will, after some interval, arrive at 
the beginning of its scale. 


HYGROSCOPE. (Lestit’s). Professor Leslie has 
lately revived a method of measuring the expansion of 
absorbent cohesive substances, by their enlargement of 
capacity when disposed into a shell; and has carried the 
hygroscope thus formed to as high a state of improvement 
as perhaps such an imperfect instrument will admit.* 
A piece of fine grained ivory, about an inch and quarter 
in length, is turned into an elongated spheroid, as thin as 
possible, weighing only eight or ten grains, but capable 
of containing, at its greatest expansion, about 300 grains 
of mercury; and the upper end, which is adapted to the 
body by means of a delicate screw, has a slender tube 
inserted, six or eight inches long, and with a bore of nearly 
the 15th part of an inch in diameter. 


* Leslie on Heat and Moisture, page 108. \ 
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The instrument being now fitted together, its elliptical 
shell is dipped into distilled water, or lapped round with 
a wet bit of cambric, and after a considerable interval of 
time, filled with mercury to some convenient point near 
the bottom of the tube, where is fixed the beginning of the 
scale. “The divisions themselves are ascertained, by dis- 
tinguishing the tube into spaces which correspond each of 
them to the thousandth part of the entire cavity, and equal 
to the measure of aboutthree-tenths of a grain of mercury. 
The ordinary range of the scale will include 70 of these 
divisions. To the upper end of the tube, is adapted a 
small ivory cap, which allows the penetration of air, but 
prevents the escape of the mercury, and thereby renders 
the instrument quite portable. | 

This hygroscope is largely, though rather slowly, 
affected by any change in the humidity of the ambient 
medium. As the air becomes drier, it attracts a portion 
of moisture from the shell or bulb of ivory, which, suffer- 
ing in consequence a contraction, squeezes its contamed 
mercury so much higher in the tube. But if, on the con- 
trary, the air should incline more to dampness, the thin 
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bulb will imbibe moisture and swell proportionally, allow- 
ing the quicksilver to subside towards its enlarged cavity. 
These variations, however, are very far from correspond- 
ing with the real measures of atmospheric dryness or 
humidity. Near the point of extreme dampness, the 
alterations of the hygroscope are much augmented ; but 
they diminish rapidly, as the mercury approaches the 
upper part of the scale. The contraction of the ivory 
answering to an equal rise in the dryness of the air, is six 
times greater at the beginning of the scale than at the 
70th hygroscope division; and seems in general to be 
inverselyas the number of hygrometic degrees, reckoning 
from 20 below. Professor Leslie has therefore placed 
another scale along the opposite side of the tube, the 
space between 0 and 70 of the hygroscope being distin- 
guished into 100 degrees, and corresponding to the un- 
equal portions from the number 20 to 120 on a logarith- 
mic line. This verysingular property is more easily con- 
ceived from the inspection of the figure. The scale might 
be safely extended farther, by continuing the logarithmic 
divisions. Thus, 320 degrees by the hygrometer would 
answer to 108 of the hygroscope, or to acontraction of 108 
parts in a thousand in the capacity ofthe bulb: But at the 
dryness of 300, Professor Leslie never found the contrac- 
tion of the ivory to exceed 105. He likewise formed box- 
wood into a hygroscope, of the same shape and dimen- 
sions; but this absorbent material swells twice as much 
with moisture as ivory does, and therefore requires its in- 
serted tube to be proportionally longer or wider. The 
contractions of box are still more unequal than those of 
ivory. Near the point of extreme humidity, those altera- 
tions in the capacity of the bulb seem to be more than 
twenty times greater than, under like changes, in the 
condition of the atmosphere, take place towards the u pper 
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part of the scale. The space included between the com- 
mencement and the 140th millesimal division of the scale, 
might hence be marked with 100 hygrometric degrees, 
corresponding to the decreasing portions of a logarithmic 
line from five to 105. 

In noticing the rapidly declining contractions which 
ivory and box undergo, Professor Leslie would not be 
understood, however, to state the quantities with rigorous. 
precision ; he merely considers the numbers given above 
as very near approximations to the truth. I should be 
ashamed, says the Professor, to confess how much time 
I have already consumed in tracing out the law of those 
contractions. Such experiments are rendered the more 
tedious, from the protracted action of the hygroscope, 
which often continues travelling slowly for the space ofa 
quarter or even half an hour. This tardiness is indeed 
the great defect of all instruments of that nature, and 
utterly disqualifies them for every sort of delicate ob- 
servation. 

The very large expansions which the hygroscope shows 
on its approach to extreme humidity, explains in a satis- 
factory manner the injury which furniture and pieces of 
cabinet-work sustain from the prevalence of dampness. 
On the other hand, the slight alteration which the instru- 
ment undergoes in a medium of highly dry atmosphere, 
seems to have led most philosophers to believe that there 
is an absolute term of dryness, on the distance of which. 
from the point of extreme moisture, they have generally 
founded the graduation of the different hygroscopes pro- 
posed by them. ‘This opinion, however, is far from being 
correct, and might give occasion to most erroneous con-. 
clusions. No bounds can be set to the actual dryness of 
the air, or the quantity of moisture which it is capable of 
holding, and which, by the joint application of heat and 
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rarefaction to the solvent, may be pushed to almost inde- 
finite extent. 

The ivory hygroscope, after being for several hours 
immersed in air of 150 or 200 degrees of dryness was apt 
of a sudden to split longitudinally. But if the bulb en- 
dured such a range of contraction, it appeared in some 
instances to take at least another set, or to accommodate 
its constitution, by imperceptible gradations, to the state 
of the surrounding medium. If this remark were con- 
firmed, it would elucidate finely the atomical system of 
bodies, and establish the successive limits of corpuscular 
attraction and repulsion. 

But though the bulbous hygroscope is, in extreme 
cases, liable to much uncertainty and some risk, it may 
yet be used with visible advantage, in a variety of situa- 
tions, as an auxiliary merely to the hygrometer. The 
very sluggishness of the instrument, when the value of its 
divisions has been once ascertained, fits it so much the 
better for indicating the mean results. After being long 
exposed in situations hardly accessible, it may be con- 
veniently transported for inspection before it can suffer 
any sensible change. ‘The hygroscope could be, there- 
fore, employed with success to discover the degree of 
humidity which prevails at certain considerable elevations 
in the atmosphere. It might be likewise used for ascer- 
taining readily the precise condition of various goods and 
commodities. Thus, if the bulb were introduced, for 
the space perhaps of half an hour, into a bag of wool, 
a sack of corn, or a bale of paper, it would, on being 
withdrawn from their contact, mark the dryness or humi- 
dity of those very absorbent substances. 

The softer absorbent substances are not only them- 
selves affected by the state of the ambient medium, but 
are capable, when they expose a broad attractive surface, 
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of assimilating to their previous condition, air and other 
gaseous fluids confined over them. Flannel, for instance, 
which has been intensely dried before a strong fire, will 
support a remarkable degree of dryness in a close re- 
ceiver; yet aftera few repeated applications, it soon 
becomes saturated with humidity, and loses its power of 
absorption. Muriate of lime has a vigorous and extended 
energy; but the substance which answers best on the 
whole as an absorbent, and which continues for a long 
time to attract moisture with almost undiminished force, 
is the concentrated sulphuric acid. By the action of this 
material, Iam enabled, says Professor Leslie, to maintain, 
for weeks or even months together, a magazine of dry air, 
which affords the means of accurately graduating the 
differential thermometer and its several modifications. 
But, by exposing, at the same time, under the receiver a 
surface of water in given proportion to that of the acid, 
the confined air may easily be reduced to any inferior 
state of dryness. 


INGOTS.—Fused bodies are either suffered to con- 
geal in the melting vessels, or they are poured into the 
cavity of a warm stone, or in an inverted metallic cone, 
See Casting Cone, page 11, or ingots, fig. 1, plate 
VIII. In these last the fused metals are suffered to con- 
geal in the shape of flat, cr roundish oblong masses, 
called pigs, or of bars. 


JARS, Grapuarep, fig. 2, plate 1.—To determine the 
volume of aeriform fluids glass jars divided cubic inches, 
and subdivided into decimal parts are employed. The 
contents of these jars should be marked on the outside by 
means ofa diamond, beginning at the top of the jar, when 
it stands inverted on the shelf of the pneumatic trough. 
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In many cases jars divided into equal arbitrary parts are 
useful. 

The manner of graduating jars for this purpose is very 
easy, and we ought to be provided with graduated jars of 
different sizes, and even several ofeach size. Take a tall, — 
narrow, and strong glass jar, and, having filled it with 
water in the cistern, place it upon the shelf of the pneu- 
matic trough, we ought always to use the same place for 
this operation, that the level of the shelf may be always 
exactly similar, by which almost the only error to which 
this process is liable will be avoided. Then take a nar- 
row-mouthed phial holding exactly 10 cubical inches. 
If you have not one exactly of this dimension, choose one 
a little larger, and diminish its capacity to the size requi- 
site, by dropping im a little melted wax and rosin. This 
small phial serves the purpose of a standard for gaging 
the jars. Make the air contained in this bottle pass into 
the jar, and mark exactly the place to which the water 
has descended; add another measure of air, and again 
mark the place of the water, and so on, till all the water 
is displaced. It is of great consequence that, during the 
course of this operation, the bottle and jar be kept at the 
same temperature with the water in the cistern; and, for 
this reason, we must refram as much as possible from 
keeping the hands upon either, or, if we suspect they have 
been heated, we must cool them again by means of the 
water in the cistern. The height of the barometer and 
thermometer during this experiment is of no consequence. 
When the marks have been thus ascertained upon the jar, 
for every ten cubical inches we mark the scale upon one 
of it sides by means of a diamond pencil. 

Glass tubes are graduated in the same manner for using 
as the mercurial apparatus, only they must be divided 
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into cubic inches, and tenths of cubical inches. The 
bottle for gaging these should hold one cubic inch. 

Another mode of determining the volume of elastic 
aeriform fluids, consists in transferring the unknown 
volume of air into a narrow cylindrical vessel standing 
on the shelf of the pneumatic trough, and then marking 
by means of aslip of paper pasted on the jar the exact 
height of the elastic fluid. This being done we turn up 
the jar, and fill it with water exactly up to the mark, and 
by weighing the water, and reducing its weight to cubic 
inches, the volume of the gas may be found. 


JAR, Preoriratine.—The most convenient jars for 
mixtures and precipitations are such as figs. 5, and 6, plate 
XI., or as those which are represented figs. 8, and 9, plate 
XVI. these being broad at bottom, any precipitate can 
be more thoroughly edulcorated than in any vessel of the 
wine-glass shape. An assortment of glass jars of a cylin- 
drical shape, or nearly so, are indispensably necessary in 
the laboratory, both for experiments on gasses, and for 
holding liquors in ail the common operations of filtering, 
mixture, &c. For the gasses, the jars are usually plain 
cylinders of various length and capacity, which stand 
steadily enough when inverted over water, and the margin 
of the open end is generally ground smooth, that when 
any flat plate, or a circular bit of card, is pressed upon it, 
the water may not drop out when the jar is inverted. 
For experiments with mercury, the jars should be smaller 
and thicker, and to stand very steadily, jars are some- 
times wider at bottom. 


JAR, Wins-Mourn, fig. 3, plate XI., which can 
readily be rendered air-tight.—It is frequently necessary 
to close the openings of very wide-mouthed vessels in- 
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tended to contain substances which would be injured by 
free exposure to the atmosphere, or by evaporation. 
Ground glass stoppers are seldom air-tight, and when 
they are, it happens that by the accumulation of particles 
of dust in the fitting, the stopper soon becomes immove- 
able. The method here adopted, is to have a glass jar, a, 
with a groove, b, half an inch deep round the outside of 
the pot or the mouth of the jar, and a glass lid, ¢, fitting 
loosely into the groove, which is rendered air-tight by 
hog’s lard, a substance never quite fluid at the highest 
temperature of this climate, and always soft enough in the 
cold season to admit of removing the lid or the top of the 
jar. 


JAR, Deriacratine, fig. 21, plate 1V.—See Air Jar, 
page 38, and Bert Grass, page 53. 


LAMP, cuemicat, fig. 37, plate I.—This kind of lamp 
is very convenient for chemical purposes, being flat and 
low, the wick rises and falls by the motion of the small 
toothed wheel, this affords the facility of altering the po- 
sition of the flame with regard to the vessel which remains 
fixed, at the same time that the flame itself can be brought 
near to the matter on which it is intended to act. 


LAMP, Spirit, figs. 27, 28, plate I.—A Spirit Lamp, 
for experiments in the small way, which demand a mode- 
rate degree of heat, and much neatness, the spirit lamp is 
an excellent contrivance. The flame of burning spirit of 
wine being always perfectly clear, and free from smoke, 
produces no soot on the vessel on which it acts. It may 
easily be made to burn slower or faster, and consequently 
occasion more or less heat, by merely enlarging or dimi- 
nishing the surface of the cotton wick upon which the 
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spirit burns; for as long as the wick is freely supplied 
with spirit, the flame is precisely of the same strength. 
The burning of spirit is, besides, more clear and elegant 
than oil; it gives no unpleasant smell, and does not pro- 
duce any disagreeable consequences if spilt ; the wick of 
the lamp is not rendered foul, nor is it scorched or con- 
sumed, and the vessel to which the flame is applied does 
not become obscured by smoke. The expense of the spirit 
to supply the lamp for experimental purposes is quite 
inconsiderable. a is the lamp; c. a glass cap fitted to the 
neck of the lamp by grinding, to prevent the evaporation 
of the spirit from the surface of the cotten when the lamp 
is not In use. 


LAMP FURNACE.—See Furnace. 


LENSES or BURNING GLASSES have often 
been found useful in chemical researches, for ap- 
plying the heat of the sun’s concentrated rays upon bodies, 
under circumstances in which other heat cannot be ap- 
plied, as on the inside of a glass bottle or receiver (fig. 
18, plate 9) or in a vacuum ; they are usually fitted up as 
represented in figs. 18 and 19, plate IX. 


LEVIGATING Strong, Fig. 1, plate 1V.—Levigating 
or Porphyrasition is nothing but a more complete tritura- 
tion. It is performed on a flat piece of porphyry, a or 
any other stone that is very hard, and has a very smooth 
surface, with the aid of a stone of the same degree of 
hardness, which is called a mullar b. The matter is 
spread out upon the slab of porphyry; the workman 
then takes the mullar with both hands, and works it cir- 
cularly, and in different directions, to grind the matter. 
That part of the mullar which comes in contact with the 
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slab, must not be perfectly flat; its surface should be a 
portion of a sphere with a very large radius; otherwise 
the matter would be driven before the mullar, and could 
not get underneath it to be ground. When the matter is 
too much spread on the surface of the porphyry, it may 
be brought back to the centre, by means of a knife with a 
very thin blade, fig. 14, plate XIV., of iron, horn, or 
IVOry. 


LEVIGATING Mortar, Fig. 20, plate XVI.— 
Where substances are insoluble in water, the addition of 
water, so as to form them into a paste, may be usefully 
made, which is to be rubbed or levigated in a flat bot- 
tomed mortar till it is sufficiently fine; this prevents the 
loss and inconvenience of quantities of the finer powder 
being scattered about in the form of dust. Fig. 21 isthe 
pestle of the mortar. 


LIXIVIATING TUBS, a, a, a, Fig. 1, plate VII.— 
Lixivation is an operation used in chemistry for separa- 
ting substances which are soluble in water from such as 
are insoluble. The large tub, a, a, a, having a hole d 
near its bottom, containing a wooden-spiggot and fosset, 
or metallic stop-cock, is generally used for this purpose. 
A thin stratum of straw is placed at the bottom of the 
tub; over this, the substance to be lixiviated is laid and 
covered by a cloth, then hot or cold water, according to 
the degree of solubility of the saline matter, is poured on. 
When the water is supposed to have dissolved all the sa- 
line parts, it is let off by the stop-cock; and, as some of 
the water charged with salt necessarily adheres to the 
straw and insoluble matters, several fresh quantities 
of water are poured on. The straw serves to secure 
a proper passage for the water, and may be compared to 
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the straws or glass rods used in filtrating, to keep the 
paper from touching the sides of the funnel. ‘The cloth 
which is laid over the matters under lixiviation prevents 
the water from making a hollow in these substances 
where it is poured on, through which it might escape 
without acting upon the whole mass. 

This operation is more or less imitated in chemical ex- 
periments; but as in these, especially with analytical 
views, greater exactness is required, particular precau- 
tions must be employed, so as not to leave any saline or 
soluble part in the residuum. More water must be em- 
ployed than in ordinary lixiviations, and the substances’ 
ought to be previously stirred up with a stick in the 
water before the clear liquor is drawn off, otherwise the 
whole mass might not be equally lixiviated, and some 
parts might even escape altogether from the action of 
the water. We must likewise employ fresh portions of 
water in considerable quantity, until it comes off entirely 
free from salt, which we may ascertain by means of pro- 
per tests. 

In experiments with small quantities, this operation is 
conveniently performed in jugs or matresses of glass, and 
by filtrating the liquor through paper in a glass funnel. 
When the substance is in larger quantity, it may be lixi- 
viated in a kettle of boiling-water, and filtrated through 
paper supported by cloth in the wooden frame, and in 
operations in the large way, the tubs, a, a, a, must be 
used. 


LUTES, See page 18. 


MATRASS, fig. 36, plate I., fig. 7, plate [X.—The 
matrass is a glass vessel used for making solutions. It is 
generally of a spherical form, flattened slightly at bottom. 
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it has a long neck to allow the fluid to condenseand re- 
turn into the vessel. Glass matrasses should be thin at 
the bottom. The common flask, see fig. 36, plate l.is a 


good matrass. 


MEASURE GLASS, fig. 34, plate 1.—A conical 
glass vessel graduated into certain capacities either by 
weight or bulk toastandard fluid. Whenever exactness is 
required, which always ought to be most carefully at- 
tended to in chemical inquiries, quantities of fluids should 
seldom be determined by measure, but by weight. The 
measuring of fluids may in some few cases be allowed ; 
but then it should be always mentioned for the informa- 
tion of those that will repeat the experiment, or reason 
on its results; and the more so when the same kind of 
fluid is of various specific gravities, or when particular 
accuracy is required. 

The weights and measures required by the chemist are 
few and simple, but they should be accurate, and their 
relative values well defined. 

For the measure of weight, the Troy pound of 12 
ounces or 5760 grains, is the integer almost always pre- 
ferred, being that which admits of a minuter subdivision, 
and whose correspondences with measures of capacity 
are more accurately defined ; though there are still some 
slight differences in this respect which it were to be wished 
were removed by authority. The subdivisions of the 
troy ounce employed by chemists are sometimes those of 
apothecaries weight, that is the ounce into eight drams, 
the dram into three scruples, and the scruple into twenty 
grains, or more commonly, simply into drams and grains ; 
or sometimes the ounce is divided into twenty penny- 
weights, and the pennyweight into twenty-four grains. 
Often the grain is the only integer employed, and sets of 

Q 


226 Measure Glass. 


weights are used of the different hundreds, tens, and 
units. The averdupois pound is however sometimes 
adopted, being the standard of most things bought and 
sold in common life. Itis equal to 7000 grains troy, and 
is divided into sixteen ounces, and the ounce legally into 
sixteen drams, but the latter division is never used by 
chemists, being liable to be mistaken for the troy dram, 
which weighs more than twice as much. 

For measures of capacity, chemists employ both the 
ounce measure (or bulk occupied by the ounce, or any 
proportion of it, of distilled water at 60°) and the cubic 
inch. For larger quantities both the wme pint of 28,875 
cubic inches, and the ale pint of 35.25 cubic inches are 
used. ‘Two pints make a quart, and four quarts make a 
gallon. 

The correspondence between measures of weight and 
capacity is found by the weight of a cubic inch of water. 
In this however a slight difference exists, in authorities 
apparently equally worthy of confidence, which depends 
partly on the extreme difficulty of constructing instru- 
ments of perfect accuracy, and partly on some slight dis- 
crepancy between the standards themselves. The extent 
of this difference is about half a grain in 253. We have 
adopted in the following tables the estimations given by 
Sir G. Shuckburgh Evely, in the 88th vol. of the Philo- 
sophical Transactions, corrected in a subsequent paper 
by Mr. Fletcher, in the 4th vol. of the: Philosophical 
Journal. On this calculation the cubic inch of distilled 
water at 60° thermometer, and 29.5 barometer, weighs 
252.506 grains troy. 
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Hence we have the following equations : 


Cubic inch. 
1 ounce Troy of water at 609 occupies . . . « . 1.900945 
J . Grs. Troy, 1b. Troy. 1b. Averdu. 
1 Wine pint of water weighs . . . . 7291.11075 =1.26581783= 1.04158725 
Grs. Troy.. lb. Troy. 1b. Averdu. 


i Ale pint of water weighs - . . . 8900.8365 = 154284 = 1.271548 
Wine pint. Ale Pint. 
1 lb. Troy of water oceupies . . . . .7900031 =.6471302 
| Wine pint. Ale pint. 4 
1b. Averdupois of water occupies. . .960073  =.7864429 


We may here notice the very common error of estimat- 
ing a wine pint of water to be equal to sixteen ounces 
troy, since it wants as much as 380 grains of sixteen 
ounces, when the cubic inch is estimated at 252,506 grains 
and 375 grains, when the cubic inch is reckoned 253 
grains, which is the highest estimation. Nevertheless as 
several measuring vessels are thus graduated, and as the 
adoption of this standard would be extremely convenient, 
this measurement may be often usefully employed for 
moderate quantities; but the chemist should then express 
that he uses the pint of sixteen ounces troy. 

A totally new system of weights and measures has been 
introduced into the French empire, and is that in which 
most of the expressions of quantities in chemical experi- 
ments are now made. It is therefore necessary in this 
place to give their corresponding quantities in English 
measures. 

‘ To employ, as the fundamental unity of all measures, 
a type taken from nature itself, a type as unchangeable as 
the globe on which we dwell—to propose a metrical sys- 
tem, of which all the parts are intimately connected to- 
gether, and of which the multiples and subdivisions follow 
a natural progression, which is simple, easy to compre- 
hend:—this is most assuredly a beautiful, great, and 

sublime idea, worthy the enlightened age in which we 
live.’ 
Q2 
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Such were the ideas which influenced the French Na- 
tional Institute, when they chose, as the base of the whole 
metrical system, the fourth part of the terrestial meridian, 
between the equator and the north pole. They adopted 
the ten millioneth partofthis arc for the unity of measure, 
which they denominated metre and applied it both to 
superficial and solid measures, taking for the unity of the 
former, arc, the square of the decuple, and for that of the 
latter, Litre, the cube of the tenth part of the metre. 
They chose for the unity of weight, gramme, the quantity 
of distilled water which the same cube contains when re- 
duced to a constant state presented by nature itself: and 
lastly, they decided, that the multiples and submultiples 
of each kind of measure, whether of weight, capacity, or 
length, should be always taken in the decimal progres- 
sion, as being the most simple, the most natural, and the 
most easy for calculation, according to the system of nu- . 
meration which all Europe has employed for centuries, 
and they used the prefixes, deca, hecto, kilo, and myria, 
taken from the Greek numerals, to express the multipli- 
cation of the integer by 10, 100, 1000 and 10,000 re- 
spectively, and deci, centi, milli, taken from the latin 
numerals, to express its division. 

By a careful measurement of the arc between Dunkirk 
and Mountjoy, they found the length of the metre to be 
equal to 443.296 lines of the toise of Peru. The cubic 
decimetre of distilled water, taken at its maximum of 
density and weight in vacuo, that is, the unity of weight 
was found to be 18827.15 grains of the pile of Charle- 
magne, 
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The metre at 32, = 39.371 Eng. inchs at 62°. 
The square metre 1550.075641 Eng. sq. inches. 
The square decimetre —15.50075 Eng. sq. inches. 
100 arcs or square decimeters = 2 English acres nearly. 


Cub.feet.cub.inch. 
Thecubic metre = 61028.028 Eng. cubic in = 355 48.028 
The cubic decimetre, or litre =61.028 Eng. cubic inches. 
Kiqual to the bulk of a killogramme of water. 
The gramme or weight of a cubic centimetre of water 
equal to 15.44402 troy grains. 


MEASURES OF LENGTH. 
The Metre being at 32°, and the Foot at 62°. 


English inches, 


Millimetre = .03937 
Centimetre 39971 
Decimetre 3.93710 
Metre 39.37100 Mil. Fur. Yrds. Feet Inch, 
Decametre 393.71000 0 0 IC 2 9.7 
Hecatometre 3937.10000 0 0 109 «1 1 
Kilometre 3937 1.00000 0 4 213.) 1. 3402 
Myriometre 393710.00000 6 ft 156. 0 6 
Metre. Eng. feet Inches. | Decimetre. Eng. inches. 

fre set Sy ESTs i = 3.9731 

2 6. : ~ 6,742 2 7.8742 

3 9-*: FOLLIS 3 11.8113 

4 13°: #£«241.484 4 15.7484 

3) 16: 4,855 9) 19.6885 

6 i ce 822.6 6 23.6226 

/ D2 i YR597 i's 27.9997 

8 26 : 2.968 8 31.4968 

9 BO set’ GS39 9 30.4339 
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MEASURES OF CAPACITY. 


Cubic inches. 


Milbhtre = .06103 
Centilitre .64028 ENGLISH. 
Decilitre 6.10280 Tons. Hogs. Wine gal. Pints. 
Litre 61.02800 = 0 0 0 2.1133 
Decalitre 610.28000 0 0 2 9.1352 
Hecatohitre 6102.80000 © 0 26.419 
Kilolitre 61 028.00000 1 Oo. to 
Myrialitre 610280.00000 10 I 938.9 
Litre. Eng. cub. inch. Ale pints. Wine pints. Oz, troy of water. 
ber 661.028 = 1.7313 = 2.118538 = 31.104 
2 122.056 3.4626 4.22706 64,208 
3 183.084 9.1939 6.34059 96.312 
4 244.112 6.9252 8.45412 128.416 
5) 305.140 8.6565 16.56765 160.520 
6 366.168 10.3878 12.68118 192.624 
7 427.196 12.1191 14.79471 224.728 
8 488.224 13.8504 16.90824 256.832 
9 849.252 15.5817 19.02177 288.936 
MEASURES OF WEIGHT. 

English grains. 
Milligramme 0154 
Centigramme 1544 
Decigramme 1.5444 AVOIRDUPOIS. 
Gramme 15.4440 Pounds. Oun. Dram. 
Decagramme 154.4402 = 0 YW 5.69 
Hecatogramme 1544.4023 0 3 8.5 
Kilogramme 15444 .0234 ek2 3 3 
Myriogramme 154440.2344 22 1 2 

|| Deca- Troy Hecto- 

Gram. Froy grs.\|Gram. dram, grs.\\gramm. Troy oz. Avoird.oz. 
1 = 16444) = 2:34.44 Ps G27). = Bo279 
2 30.888 || 2 5; 8.88 2 6.4350 7.0558 
2 46.332 || 3 7 : 43.8211 3 9.6525 10.5837 
4 61.776) 4 10 : 17.76), 4 12.8700 14.1116 
5 77.220) 5 12 : 52.201} 5 16.0875 17.6395 
6 92.664 | 6 15 ; 26.64], 6 19.3050 21.1074 
7 108.108} 7 18: 108\| 7 22.5295 24.6953 
8 123.552) 8 20 ; 85.52 8 25.7400 28.2232 
9 138.996 | 9 23: 9.96|| 9 28,9575 31.7511 
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The decimal progression of all the French weights and 
measures renders it only necessary to change the decimal 
point in order to convert one into the equivalent of any 
other of the same species and numerically the same, but 
of a different denomination. Thus as 9 litres are equal 
to 15.5817 ale pints, 9 hectolitres will be equal to 1558.17 
ale pits: and so of the rest. 


MERCURIAL TROUGH.—See PyeumaticT rovan. 


MEPHITIC WATER APPARATUS, fig. 9, plate 
V.—a is a copper bottle connected with a condensing 
syringe b. The carbonic acid is generated in the usual 
manner, and conveyed, by means of the bell glass c, into 
the copper ball. This apparatus is but ill calculated for 
the purpose of impregnating water with carbonic acid. 


MORTAR.—Pounding is one of the most common 
operations of the laboratory. The chemist must there - 
fore be provided with mortars of different kinds, glass, 
wood, iron, steel, marble, siliceous stones, and porcelain 
ware, are all employed. ‘The nature of the substance 
which the chemist has occasion to pound must direct him 
in the choice of one mortar in preference to another. He 
must have glass mortars for pulverising corrosive saline 
substances, these are usually of the form represented fig. 
13, plate XVI. For bruising succulent herbs, roots, and 
other recent vegetable substances, which do no not re- 
quire trituration, mortars made of box-wood, or oak, are 
used ; these are shaped as represented fig. 18, plate XVE., 
fig. 19 is the cover belonging to the mortar. 

It is scarcely necessary to observe, that in order that the 
matter may be properly subjected to the effort of the 
pestle, the bottom of mortars must be of a concave form 
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and the side should neither be so inclined as not to allow 
the substance operated on to fall to the bottom between 
each stroke of the pesile, nor so perpendicular as to col- 
lect it too much together, and to retard the operation. 

Fig. 13, plate VII. represents an iron mortar of an 
improved form with its cover. It differs from the ordi- 
nary shape of mortars, in being nearly circular instead of 
conical; by this means substances are more readily com- 
minuted, and are not subject to be thrown out of the mor- 
tar by the effort of the pestle; tenaceous substances are 
not so subject to cake, and a better effect is produced in 
many instances by giving a rotatory motion to the pestle, 
which cannot be effectually accomplished in the mortar 
of the usual forms. To prevent the finest and lightest 
parts of the powdered substance from escaping, and to 
defend the operator from the effects of disagreeable or 
noxious substances, the top of this mortar is so constructed 
as to admit a wooden cover within a rim or groove, a 
mode more effectual than the old contrivance of co- 
vering the orifice of the mortar with a mere perforated 
cover. The pestle has a hole in the upper extremity, in 
order to suspend it if required. Figs. 12 and 13, plate 
VII. shew the shape of the larger kinds of cast iron, or 
what are commonly called laboratory mortars. They are 
always provided with wooden covers to prevent the finest 
and lightest parts from escaping, and to defend the ope- 
rator from the effects of disagreeable or noxious sub- 
stances. But these ends are more completely attained, 
by tying a piecc of pliable leather round the pestle and 
round the mouth of the mortar. It must be closely ap- 
plied, and at the same time so large, as to admit the free 
motion of the pestle. 

In some instances, it will be even necessary for the ope- 
rator to cover his mouth and nostrils with a wet cloth, 
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and to stand with his back to a current of air, that the 
very acrid particles which arise may be carried from him, 
To lessen the manual labour, the pestle of large mortars 
is fastened to the end of a flexible wooden pole, which 
hangs over the mortar, by the elasticity of which the 
pestle is lifted up again to the proper height after the 
stroke is made. Fig. 15, plate VII. is a Steel Mortar for 
pulverising gems. It consists of a solid cylinder of 
hardened steel, having a slight concavity, to which is 
fitted the steel pestie, fig. 14. The block of steel is 
fixed into an outer wooden case. The gems to be pul- 
verised by means of this mortar, must first be crushed 
into smali fragments by means of the Crushing Mortar, 
represented fig. 17, plate VII., which consists of a cylin- 
der of hardened steel, with a flat bottom, and a pestle of 
the same, made to fit the mortar accurately from top to 
bottom. It is used by putting the gems, or pieces of hard 
mineral, into it, and striking the pestle with a hammer. 
By this means the substance can be reduced into tole- 
rable small fragments, without grinding off any portion 
of the mortar. The fragments are then collected, and 
put into the mortar with a little water, and a very close 
continued friction is required to nee it into an Impal- 
‘pable powder. It should always be remembered, that 
when a very hard body is ground to powder, the friction 
wears the mortar as well as the substance pulverized, 
consequently for delicate experiments it is necessary 
to weigh the mortar before and after the process, and 
io allow for the loss of weight by an equivalent addition 
to the powder obtained. Fig. 20, plate XVI. shews 
the usual shape of agate or flint mortars employed 
for pulverising minute quantities of hard minerals for 
chemical analysis, fig. 21 is the pestle of the agate - 


mortar. Very useful hand mortars are also made of 
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hard iron, turned, (smooth within) which are very hard. 
For grinding substances of moderate hardness, mortars 
made of wedge-wood ware, figs. 11 and 12, with very 
smooth pestles of the same materials, are extremely use- 
ful. They will readily break, however, by a smart blow. 
For lighter purposes very good mortars are made of 
bell-metal, with pestles either of the same or of iron. 
They are cast very smooth, so that the material to be 
pounded does not stick to the sides. Most neutral salts 
may be conveniently pulverized in them, but their chemi- 
cal action on the copper ought to be kept in mind, 
as (for example) if muriate or carbonate of ammonia 
be left in a bell-metal mortar it becomes green by the 
oxyd of copper which it dissolves. 


MUFF LE, figs. 15 and 16, plate I—A muffle is a 
vaulted flat-bottomed earthen vessel, intended to be put 
_in the midst of a furnace, of proper construction, so as to 
afford a space strongly heated, but protected from the 
actual contact of the fuel, in which small vessels of any 
kind may be set. The muffle is entirely open at one end 
and closed at the other, and it has sometimes slits or 
openings at its sides, as shewn in fig. 16. 

NOOTIVS APPARATUS, fig. 8, plate VI.—When 
habitual use is made of water impregnated with carbonic 
acid gas, the apparatus of Dr. Nooth is very effectual 
and convenient. It consists of three elass vessels. The 
lower vessel c contains the effervescent materials: it has 
a small orifice p, stopped with a ground stopper, at 
which an additional supply of ether, muriatic, or sul- 
phuric acid, or chalk, may be occasionally introduced. 
The middle vessel B is open both above and below. Its 
inferior neck is fitted by grinding into the neck u of the 
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lower vessel. © In the former is a glass valve, formed by 
two pieces of tube, and a lens, which is moveable, be- 
tween them. This valve opens upwards, and suffers the 
gas to pass; but the water cannot return through the tubes, 
partly because the orifice is capillary, and partly because 
the flat lens covers the hole. ‘The middle vessel is 
farnished with a cock £, to draw off its contents. ‘The 
upper vessel a is fitted, by grinding, mto the upper neck 
of the middle vessel. Its inferior part consists of a tube 
that passes almost as low as the centre of the middle 
vessel. Its upper orifice is closed by a ground stopper Fr. 
When this apparatus is to be used, the effervescent mate- 
rials, chalk or marble, and dilute sulphuric acid are put 
into the lower vessel; the middle vessel is filled with 
water, and put in its place, and the upper vessel is nearly 
stopped, and likewise put in its place. The consequence 
is, that the carbonic acid gas, passing through the valve 
at H, ascends into the upper part of the middle vessel p, 
where, by its elasticity, it re-acts on the water, and forces. 
part up the tube into the vessel a; part of the common 
air, in this last, being compressed, and the rest escaping 
by the stopper, which is made of a conical figure, that it 
may be easily raised. As more gas is extricated, more 
water rises, till at length the water in the middle vessel 
falis below the lower orifice of the tube. Carbonic acid 
gas then passes through the tube into the upper vessel, 
and expels more of the common air by raising the stopper: 
In this situation the water in both vessels, being in con- 
tact with a body of carbonic acid, becomes strongly im-~- 
pregnated with that fluid after a certain time. This effect 
may be hastened by taking off the middle and upper 
vessels together, and agitating them, 
_ The valve is the most defective part of this apparatus ; 
for the capillary tube does not admit the air through, un- 
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less there be a considerable quantity condensed in the 
lower vessel, and the condensation has in many instances 
burst the vessel. Fig. 9 shews the valve of the apparatus. 


OXY-HYDROGEN BLOWPIPE, (see page 60). 
—Another oxy-hydrogen blowpipe has been invented by 
Mr. Gurney, and seems to have strong claims to atten- 
_tion. Notwithstanding all the ingenious. contrivances 
for rendering safe the oxy-hydrogen blowpipe, as de- 
scribed at page 60, it still continued liable to explosions, 
and many persons have been deterred from using it on 
that account. The effects capable of being produced by 
this instrument constitute such brilliant exhibitions, tend 
so much to the enlargement of the sphere of knowledge, 
and to the improvement of the useful arts, that it is much 
to be regretted its application should be so confined, on 
account of the danger to which the use of it is subject. . 

Mr. Gurney has discovered that explosions may .be 
much more effectually prevented, by interposing a cham- 
ber containing a small portion of the inflammable gas be- 
tween the jet and reservoir of gas, than they can be 
by the usual method of interposing small tubes or wire 
gauze. Having noticed that very strong mechanical 
pressure applied to the gass in his blowpipe had_ the 
effect of extinguishing the flame when it was burning, 
and of preventing the gas from taking fire at the jet 
when it was not burning, it occurred to him that the 
explosion of a small quantity of gas in a chamber be- 
hind the jet pipe might have the same effect, and he 
found it to be so on trial. So that his contrivance 
to render the oxy-hydrogen blowpipe safe is to place 
a small metallic chamber. behind. the orifice at which 
the gas is enfiamed. Should the flame pass back- 
ward, the gas in this small chamber will explode with- 
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out injury, and the flame will be extinguished. To 
add still greater security, the instrument is furnished 
with another chamber containing water, through which 
the gas is made to pass, and which would oppose the 
passage of the flame backwards ; but so confident is the 
ingenious inventor in the protecting power of the ex- 
ploding chamber, that in many of his experiments he 
does not use the water vessel. 

Fig. 10, plate XII. is a representation of this blow- 
pipe. a is the safety chambers, 5 is the water vessel, 
threugh which the gas must pass from the gasometer d 
by the stop-cock c, and through a tube which reaches to 
the bottom of the water and turns up a little; eis a cock, 
which in case explosion happens on the surface of the 
water is thrown up, and which takes out to admit water 
to be poured into the trough when first used; f a gauge 
which is to indicate the necessary height of the column of 
water in the trough; g a transferring bladder, which 
screws and unscrews to and from the stop-cock h, by 
which the gasometer is charged by an assistant during 
its action, and the quantity of gas supplied so as to 
keep up a flame for any length of time. Between 
the gasometer and the charging bladder there is a valve 
placed to prevent a return of the gas; i7 alight paste- 
‘board or wood case contrived so as to unite lightness 
with strength, which in case an explosion of the gas- 
ometer happens, is thrown into the air by the force rup- 
turing the strings by which it is kept down; from its 
extent of surface and great lightness it will be instantly 
arrested by the action of the atmosphere. To these 
strings are attached small wires, which pass through 
holes in the table of the instrument /, and are again 
affixed to a moveable pressboard below m ; this press- 
board is regulated and kept in a horizontal position by 
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the perpendicular stand m, so that when the necessary 
weight or pressure ‘is placed on it, it may draw the cap t 
horizontally and equally on the gasometer d. The gaso- 
meter bladder or silk bag is tied to a bladderpiece, which 
screws into a long tube, laid into and across the table of 
the instrument. This bladderpiece, to which the gaso- 
meter is tied, permits it to be unscrewed from the table 
at pleasure, and immersed in warm waiter, to render it 
soft when occasion requires; or in case an accident hap- 
pens to it, allows another to be tied on. To one end of 
the tube which is let into the table of the instrument, the 
stop-cock of the charging-bladder is attached, and to the 
other the stop-cock of the water trough. 

When the cap is drawn on the bladder or silk bag con- 
stituting the gasometer, the gas is forced through the 
stop-cock, water tube, and ultimately through the safety 
chamber and the jet, at the opening of which it is burnt. 

The inventor states that this blowpipe may be success- 
fully applied in some important operations of the arts, 
and that it may also be successfully applied in resolving 
mineral substances into their constituent parts. 


OXYGEN GAS HOLDER.—The most convenient 
apparatus for holding considerable quantities of oxygen 
or hydrogen is that which has been improved by Mr. 
Pepys (fig. 7, plate XI.) It consists of a japanned iron 
or copper vessel, a is the part which contains gas, and is 
usually made capable of holding from six to eight gallons. 
b is acistern for holding water having two tubes opening 
into it. These tubes supplied with stop-cocks are seen. 
at c and d underneath the cistern, the middle one d is 
continued nearly to the bottom of the vessel ; the other 
one ¢ opens into the lower vessel a, but is not continued 
downwards. In order to fill this vessel with water, the 
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aperture f is closed with its screw, the stop-cocks c, d, e, 
being all open, water is poured into the cistern above 
(the funnel and tube which unscrew at the bottom of the 
cistern being removed), and it descends through the tubes 
and stop-cocks c and d, and forces the air out ate ; when 
the gas holder is nearly full, the stop-cock e must be 

closed, and what remains of the air will find its way out 
| through c, until the vessel is full, the stop-cock must 
then be closed. To fill the vessel with oxygen gas, 
an iron bottle containmg black oxide of manganese is 
put into the fire; and a communication being made be- 
tween the bottle and the gasholder by a metallic tube, 
which is introduced at the aperture f, as soon as the iron 
bottle attains the temperature of a red heat gas comes 
over, and ascending through the water occupies the 
upper part, the water descends and flows out at the aper- 
ture as the gas goes in. ‘The tube g is of glass, and has 
a communication at top and bottom of the gasholder, and 
shews the progress of its filling and the quantity of gas 
which it contains at any time. When the vessel is suf- 
ficiently filled with gas, the aperture f must be closed 
effectually. The gas will then be ready for use. If the 
gas is to be transferred into a bladder, a connecting piece 
must be screwed on at e, and the bladder, previously 
furnished with a stop-cock, is screwed to the connecting 
piece, the cistern must then be filled with water, and the 
stop-cocks d and e opened, the water will descend the 
tube d, compress the gas, and cause it to issue at e into 
the bladder ; when the stop-cocks are closed the bladder 
may be withdrawn. 

To transfer gas into a bottle or jar, the vessel which is 
to receive the gas must be filled with water, and its 
mouth placed downwards, over the hole above the stop- 
cock ¢; this stop-cock must be opened, and also the stop- 


240 ‘Pan for Bowling Tar. 


cock at d, the water will then descend by the long tube 
in the centre d, compress the air, and cause it to ascend 
through c into the bottle or jar, which must be held a 
very little on one side, that the water may be able to 
descend out of the bottle uninterrupted by the close con- 
tact of the mouth of the bottle and the bottom of the 
cistern. When the bottle is full, and the stop-cocks 
closed, it may be removed by introducing a cork under 
water; the bottle may then be turned with its mouth 
upwards. When a jar which is open at the bottom ts 
filled, 11 may be removed by slipping a shallow dish 
under the open part, below the surface of the water, the 
gas will be prevented from escaping by the water in the 
shallow dish, that rises a little way above the jar or 
receiver. 

it will be remembered that, during all the operations 
which have been described, the funnel and long tube 
is removed by unscrewing it at the bottom of the cis- 
tern; the use of this part of the apparatus is now to be 
described. By screwing it on, as it is represented in the 
figure, and also the jet pipe i, the apparatus is converted 
into an excellent hydraulic blowpipe, while it is kept full 
of water to the top of the funnel 4. When filled with 
oxygen gas it is capable of producing a very intense 
‘heat. 

This gasholder is chiefly used for oxygen and hydro- 
gen, but occasionally for other gases. 


PAN for Boiling Tar, Turpentine, Pitch, or other in- 
flammable fluids, fig. 44, plate Ia b c are the body of 
the pan, de fa long spout proceeding from it, for pre- 
venting any risk of boiling over; g, a short spout for 
pouring out. The pan should not be filled above 3 of its 
capacity ; and the long spout, de f, should be placed so 
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as to be as little heated as possible. When the fluid 
begins to swell and boil up, both from the great increase 
of surface, and from part of it running up the cooler 
spout, de f, the ebulition will be checked, and all danger 
of running over prevented. 

The pans used in laboratories, fig. 2, plate VIII., figs. 
10 and 16, plate XVI., and fig. 8, plate II., requires no 
description. ‘They are employed to concentrate and 
thicken liquids, or to separate salts or other substances. 


PELICAN, fig. 5, plate 1X.—A pelican is a glass 
alembic, consisting of one piece. It has a tubulated 
capital, from which two opposite and crooked beaks pass 
out, and enter again at the belly of the cucurbit. This 
vessel has been contrived by the alchymists for a conti- 
nued distillation, which they call circulation. The vola- 
tile parts of substances put into this vessel rise into the 
capital, and are obliged to return through the crooked 
beaks into the cucurbit; and this without interruption, or 
luting or unluting the vessels. 

Although the pelican seems to be a very convenient 
instrument, it is nevertheless little used, because two ma-_ 
trasses or flasks, fig. 1, plate I. the mouth of one of which 
is inserted in the mouth of the other, produce the same 
effect. 


PHOSPHORUS ACID APPARATUS, fig. 4, plate 
Ilf.—If phosphorus be exposed in atmospheric air, it 
burns slowly, and exhales smoke from its whole surface. 
This vapour, which emits a strong smell of garlic is 
phosphoric acid. 

Take several glass tubes the lower eh trcnlities of which 
are made to taper, so as to end in a small orifice sufficient 


to afford a passage to the drop of acid which is produced. 
R 
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Put into each a stick of phosphorus, and when thus pre- 
pared, arrange them in a large funnel, stuck in a bottle. 
The whole apparatus must be placed on a broad dish, 
containing water, and must be covered with a bell having 
apertures in its sides, in order to guard against dust, and 
that there may be always a supply of moist air, which 
greatly accelerates the decomposition of insensible com- 
bustion of the phosphorus. Fig. 9, plate III. exhibits a 
convenient apparatus for the production of phosphorus — 
acid. 

Pelletier has taught us another process. One part of 
his apparatus consists of a long cylinder, into which 
phosphorus is put with water, the cylinder is then placed 
in a bocal, and a supply of boiling water is maintained 
around it, in order to keep the phosphorus in a liquid 
state. The other part is a bent tube, one end of which is 
thrust into the phosphorus, and the other fitted to a large 
receiver, having a second aperture, to which is adjusted 
a funnel with a cock. When the apparatus is thus ar- 
ranged, water is put into the funnel, and by opening the 
cock it enters the receiver, and forces the air contained in 
it to pass through the tube. This air in passing through 
the phosphorus combines with it, and produces a com- 
bustion of the phosphorus, which by these means is con- 
verted into phosphoric acid. 

When the receiver is full of water, it may be emptied 
by a cock inserted in the lower part of it. 


PHOTOMETER, (Lestiz’s,) figs. 3 and 5, plate XIII. 
For measuring the intensity, or at least the calorific action 
of light, no mstrument is so finely adapted by its peculiar 
delicacy as the Photometer of Leslie, which consists of a 
Differential Thermometer, inclosed in a thin pellucid 
case, and having one ball a, made of black and the other of 
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clear glass. Yet, owing to a combination of circum- 
stances this elegant instrument has only been partially 
and reluctantly admitted ; and the philosophic world has 
still to discharge an act of justice to Professor Leslie, by 
receiving it into the favour and distinction which it 
so well deserves. Some, indeed, affecting to display su- 
perior sagacity, have taken the trouble to remark that it 
was only a species of thermometer; and not strictly a 
photometer, since it measures heat, and not light. But 
what does the thermometer itself indicate, except expan- 
sion? As heat is measured by the expansion it occasions, 
so light is determined by the intensity of the heat, which 
in every supposition, invariably accompanies it. What 
other mode, after all, could be imagined for detecting the 
presence of light? flow can an unknown quantity be 
expounded, but in terms of one already known ? 

Leslie’s photometer has two general forms; the one 
portable, fig, 3, in which the black ball, a, is about 
an inch higher than the other, and bent forward to the 
same vertical line, or the axis of the translucid cylindri- 
cal case, and the other stationary, having both its balls 
of the same height, and reclining in opposite ways; the 
case being composed of a wide cylinder, surmounted by 
the larger segment of a hollow glass sphere. The port- 
able thermometer admits likewise an outer wooden case 
of mahogany, which not only protects it from risk or 
injury, but occasionally serves, when out of doors, for 
holding it in an erect position. The other form of the 
instrument, (fig. 5,) however, though in some respects 
less commodious, is yet, on the whole, better adapted for 
nice observations, since besides receiving the light more 
regularly, its balls, from being on the same level, are not 
liable to be any how disturbed in their indications by the 
different strata of unequally heated air. 

R 2 


244 Photometer. 


The rays which fall on the clear ball, b, pass through 
it, without suffering obstruction ; but those which strike 
the dark ball are stopt and absorbed at its surface, where, 
assuming a latent form, they act as heat. This heat will 
continue to accumulate, till its farther increase comes to 
be counteracted by an opposite dispersion, caused by the 
rise of temperature which the ball has acquired. At the 
point of equilibrium, therefore, the constant accessions of 
heat derived from the action of the incident light, are 
exactly equalled by the corresponding portions of it, 
again abstracted in the subsequent process of cooling. 
But, in still air, the rate of cooling is, within moderate li- 
mits, proportioned to the excess of the temperature of a 
given surface above that of the surrounding medium. 
Hence the space through which the coloured liquid sinks 
in the stem, will measure the momentary impressions of 
light or its actual intensity. To prevent any extraneous 
agitation of the air from accelerating the discharge of 
heat at the surface of the black ball, and thereby dimi- 
nishing the quantity of aggregate effect, the instrument 
is always sheltered, and more especially out of doors, by 
a thin glass case. The addition of this translucid case is 
quite indispensable. It not only precludes all irregular 
action, but maintains, around the sentient part of the in- 
strument, an atmosphere of perpetual calm. Under the 
same force of incident light, the temperature of the black 
bali must still rise to the same height above that of its 
encircling medium. The case will evidently have some 
influence te confine the heat actually received, and hence 
to warm up the internal air. Wherefore, corresponding to 
this excess, the black ball will acquire a farther elevation 
of temperature; but the clear ball, bemg immersed in the 
same fluid, must experience a similar effect, and which 
will exactly counterbalance the former. The difference 
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of temperature between the opposite balls, thus continues 
unaltered ; and neither has the size or the shape of the case, 
nor the variablestate of the exterior atmosphere with respect 
to rest or agitation, any influence whatever to derange or 
‘modify the results exhibited by this delicate instrument. 
The photometer exhibits distinctly the progress of illu- 
mination from the morning’s dawn to the full vigour of 
noon, and thence its gradual decline till evening has 
spread her sober mantle; it marks the growth of light 
from the winter solstice to the height of summer, and its 
subsequent decay through the dusky shades of autumn ; 
and it enables us to compare, with numerical accuracy, 
the brightness of different countries,—the brilliant sky of 
Italy, for instance, with the murky air of Holland. 

The photometer is adapted for a variety of meteorolo- 
gical researches. If such instruments, in the hands of 
skilful observers, had been dispersed to the remote regions 
of the globe, we should ere now have obtained a body of 
precise facts, highly instructive in themselves, and cal- 
culated to illustrate the nature of different climates. 
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PNEUMATIC DISTILLATORY APPARATUS, 
(Dr. De Burtt’s) This name is given toa very convenient 
distillatory apparatus, invented by Dr. De Butt of Balti- 


more. It consists (as shown in the subjoined sketch) of 
two or more boitles. 


The first, bottle a, is connected by a tubulature with 
the tube of a retort, or an adopter ; nigh the bottom, on the 
opposite side is another tubulature, and in the next bottle 
b, at the same heighth from the bottom, is asimilar open- 
ing; these are connected by a straight tube without, 
which has such a curvature within the bottle a, as to rise 
above the water employed to condense the gas, the sur- 
face of which is represented by the dotted line : the suc- 
ceeding bottles are connected in a similar manner. It is 
obvious that the gas passes forward through the bent 
tube, and is transmitted through the water in the next 
bottle; the tubes may be fitted by grinding, but it is 
difficult to have this done with perfect closeness: they 
may therefore be inserted by corks waxed; and as these 
are not exposed directly to the gas, but are under the 
liquid, they will in general be little acted on. Tubes of 
safety are adapted in a similar manner; and as it is in- 
convenient to detach the bottles, the liquor, when the 
distillation is completed, may be drawn off by a syphon, 
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inserted by the orifice at the upper aperture, or by an 
aperture in front at the bottom, fitted accurately with a 
stopper. The peculiar advantage of the apparatus is, 
that all the joinings, with the exception of the first, are 
under water, and the gas, therefore, cannot escape. 
Hence, in distillations in which the product is peculiarly 
offensive, as in that of chlorine, it affords the best secu 
rity against any noxious effect. 


PNEUMATIC TROUGH, or Cisrern.—The disco- 
very of gaseous fluids bas, in modern chemistry, oc- 
casioned the necessity of some peculiar instruments, by 
means of which those substances may be caught, col- 
lected, and properly managed. The instruments for this 
are styled the pneumatic apparatus. 

a, Fig. 15, plate IV. q, fig. 14, plate LI, or figs. 16, 18, 
plate II. or q, fig. 42, plate 1. represent. a wooden or 
metal vessel, or tub; 4, fig. 14, and fig. 18, plate II. fig. 
15, plate 1V. is a shelf fixed in the tub. When this appa- 
ratus is used, the trough is to be filled with water to such 
an height as to rise about one inch above the upper sur- 
face of the shelf. qis a glass jar inverted with its mouth 
downwards, which rests upon the shelf. If this, or any 
other vessels open only at one end, be plunged under the 
water, and are inverted after they are filled, they will re- 
main full, notwithstanding their being raised out of the 
water, provided their mouths be kept immersed ; for in 
this ease the water is sustained by the pressure of the at- 
mosphere in the same manner as the mercury in the baro- 
meter. It may without difficulty be imagined, that if 
common air, or any other fluid resembling common air in 
lightness and elasticity, be suffered to enter these vessels, 
it will rise to the upper part, and the surface of the water 
will subside. If a bottle, a cup, or any other vessel in 
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that state which is usually called empty, though really 
full of air be plunged into the water, with its mouth 
downwards, scarcely any water will enter, because its 
entrance is opposed by the elasticity of the included 
air; but if the vessel be turned up, it immediately fills, 
and the air rises in one or more bubbles to the surface. 
Suppose this operation to be performed under one of 
the jars which are filled with water: the air will ascend 
as before: but instead of escaping, it will be detained in 
the upper part of the jar. In this manner, therefore, we 
see that air may be emptied out of one vessel into another, 
by an inverted pouring, in which the air is made to 
ascend from the lower to the upper vessel, in which 
the experiments are performed by the action of the 
weightier fluid, exactly similar to the common pouring 
of denser fluids, detained in the bottoms of open vessels 
by the simple action of gravity. When the receiving 
vessel has a narrow neck, the air may be poured through 
a glass funnel. ‘Thus the apparatus, fig. 17, plate IL., is 
an extemporaneous pneumatic trough. It consists of a 
common earthen-ware wash-hand basin, across the rim 
of which is placed a board four or five inches wide, and 
about # ef an inch thick, having a slit terminating ina 
hole, cut in the centre of the board, which hole serves to 
receive the inverted common quart bottle, as shown 
in the drawing. The flask of the apparatus is furnished 
with a bent glass tube, which connects it with the bottle, 
and serves to convey the gas from the flask to the bottle ; 
for one extremity of this tube passes air-tight through 
the cork in the neck of the flask, whilst the other end is 
inserted into the neck of the inverted bottle, a; fig. 15, 

ee iV. is one of the most convenient kinds of pneuma- 
tic trough, for private use, it is made of thin tinned iron 
japanned, generally 18 inches long, 9 broad, and 14 deep. 


™ 
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About 33 inches from the top is the shelf &, of the same 
material, extending entirely across the trough, and rather 
more than a third of its length, and fixed in its situation, 
when required, by two strong wires. A trough of this 
size and construction is very light when empty, and large 
enough for most operations. 


PNEUMATIC TROUGH, Mercurian, Fig. 7, and 
27, plate IV. and fig. 8, is a transverse section of fig. 8.— 
Many kinds of gases combine with water, and therefore 
require to be managed in a trough in which quicksilver 
is made use of. This fluid being very ponderous, and of 
considerable price, is an object of convenience as well as 
of economy, that the trough and vessels should be much 
smaller than when water is used. ‘To accomplish this 
object only one side of the trough ts sunk deep, being 
equally convenient for the immersion of ajar. The shelf 
ina trough of this construction is on each side of the 
well, as shown J, 4, in fig. 8. 

Fig. 27, plate IV. isa very convenient pneumatic mer- 
curial trough. It consists of a mahogany box a, h, stand~- 
ing in a tray c, made of the same wood. The principal 
parts of this apparatus are, the shelves of the trough and 
the bottom. The reservoir, properly so called, is the in- 
terval between these two planes. The advantage of this 
apparatus consists in having a broad solid shelf on one 
side of the trough, as shewn in fig. 8; plate IV., and 
a narrow sliding shelf, with a hole in the centre, which 
communicates with a funnel shaped opening on the side 
of a large shelf. Vessels placed on the sliding shelf may 
be conveniently filled with gas, by directing the con- 
veying tube of a gas bottle, or the neck of a retort into 
this excavation, and then sliding it on the large shelf 


250 Pneumatic Trough. 


of the apparatus, which, from being on one side of the 
trough, enables the operator to perform his experiments 
with a less quantity of mercury, and in an easier man- 
ner than in the troughs of the usual construction. The 
tray a, is useful for collecting mercury which may 
be spilled. The following sketch renders the construc- 
tion of the trough more obvious. 


The following sketch exhibits the method of trans- 
fering gases, by means of the pneumatic trough into 


bladders. 
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By sliding the receiver a, furnished with a bladder 
and stop-cock, from the shelf b, and pressing it into the 
trough, the air becomes transferred when the stop-cocks 
are opened into the bladder c. 


POTASSIUM APPARATUS, Fig. 3, plate X.— 
(See page 34.) 


PRECIPITATINGGLASS, figs. 5.and 6, plate XI., 
and figs. 8 and 9, plate XVI.—Are. oval cylindrical 
glasses in which precipitations are performed, in order to 
collect the separated matter into less room. They are 
either cylindrical, and furnished like those represented 
figs. 8 and 9, which are also called decanting jars, or 
they are conical, as figs.5 and 6, plate XI. They are. 
furnished with. lips: for conveniently decanting the fluid 
from. the precipitate at, the bottom. 


PUMP, Pyeumaric.—The pneumatic or air-pump is 
one of the mest useful of all philesophical instruments, 
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the actions of which depend on the mechanical properties 
of air. By the help of this machine the physical properties 
of air may be demonstrated in the most simple and elegant 
manner. Its construction is as follows : and will be ob- 
vious from the subjoined sketch, £, ¢, is a square table of 


wood, 4 a are two strong barrels or tubes of brass, firmly 
retained in their position by the piece of wood T 7, which 
is pressed on them by screws 0 0, fixed on the tops of the 
brass pillars n n. These barrels communicate with 
a cavity in the lower part or bed of pv. At the bet- 
tom within each barrel is fixed a valve, opening up- 
wards, and im each a piston works, having a valve 
likewise opening upwards. ‘The pistons are moved by a 
cog-wheel in the piece r r, turning by the handle z, and 
whose teeth catch in the racks of the pistons c c. Pp, is 
a circular brass plate, ground perfectly smooth, having 
near its center the orifice x of a concealed pipe, that com- 
municates with the cavity; in the piece or bed of the 
pump pb at v, is a screw that closes the orifice of another 
pipe, for the purpose of admitting the external air when 
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required. im, is a glass receiver, out of which the air 
is to be exhausted. It is placed on the brass plate p 
slightly greased to prevent the air from insinuating itself 
under the edge of the glass receiver. 

When the handle 3B is turned, one of the pistons in 
the barrel a is raised, and the other depressed ; a void 
space is consequently left between the raised piston and 
the lower valve in the correspondent barrel; the air con- 
tained in the glass receiver L M, communicating with the 
barrel by the orifice x, on the ground brass plate, imme- 
diately raises the lower valve by its spring, and expands 
into the void space; and thus a part of the air in the re- 
ceiver is extracted. The handle then being turned the 
contrary way, raises the other pistons, and performs the 
same act in its correspondent barrel; while in the mean 
time, the first mentioned piston being depressed, the air, 
by its elasticity closes the lower valve, and raising the 
valve in the piston, makes its escape. The motion of the 
handle being reversed, the first barrel again exhausts 
while the second discharges the air in its turn: and thus 
during the time the pump is worked, one barrel exhausts 
the air from the receiver, while the other discharges it 
through the valve inits piston. 

Hence it is evident, that the vacuum in the receiver of 
the air-pump can never be perfect; that is, the air can 
never be entirely exhausted: for it is the spring ef the 
air in the receiver that raises the valve, and forces air into 
the barrel, and the barrel at each exhaustion can only 
take away a certain part of the remaining air, which is in 
proportion to the quantity before the stroke, as the capa- 
city of the barrel is to that of the barrel and receiver 
added into one sum. 

This, however, is an imperfection that is seldom, if ever 
of any consequence in practice, because all air-pumps, at 
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a certain period of the exhaustion, cease to act, on account 
of their imperfect construction. Tor the valves usually 
consist of a piece of oiled bladder or varnished silk tied 
over a hole so that the air is at liberty to pass by lifting 
up the varnished silk or bladder, but cannot return again, 
and there will unavoidably be a small space left between 
the lower valve and the piston when down. Now, it 
will happen, when the air in the receiver is very rare, 
that its elasticity will not be strong enough to overcome 
the adhesion of the varnished silk or bladder, forming 
the lower valve, which consequently, will remain shut, 
and the exhaustion cannot proceed. Or, before this pe- 
riod, it may happen, that the air between the valves when 
the piston is up may be so small as to lie in the space be- 
tween the two valves when the piston is down without 
being sufficiently condensed for its elasticity to overcome 
the adhesion of the varnished silk or bladder-valve, and 
the weight of the atmosphere that presses it: in this case 
the upper valve will remain shut, and the exhaustion can- 
not proceed. In the best constructed air-pumps these 
imperfections are in a great degree removed. 

In measuring the exhaustion effected by the pump, 
there are two methods of proceeding. The one shews the 
density of the air left in the receiver L mM, without regard- 
ing such vapours as may assume an elastic form in the 
vacuum : the other exhibits the elasticity of the air in the 
receiver, without showing whether it be permanently 
elastic air. The quantity of air is shewn by an instru- 
ment called the pear-gage. It consists of a glass vessel 
in the form of a pear, with graduations near its upper 
end, that denote certain known parts of its bulk. ‘This 
is included in the receiver, together with a vessel of mer- 
cury, into which its mouth may be occasionally plunged. 
When the exhaustion is made, the pear-gage is plunged 
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into the mercury, and the external air admitted into the 
receiver. The mercury rises in the gage, and occupies 
the whole of its cavity, except a space at top, possessed 
by a bubble of air, whose magnitude is known from the 
graduations, and is in proportion to the whole contents 
of the gage, as the quantity of air in the exhausted re- 
ceiver is to an equal volume of the common atmospheri- 
cal air. 

This gage would be accurate for all purposes, if it 
were not that most fluid or moist substances assume an 
elastic form, when the pressure of the atmosphere is re- 
moved. For this reason it seldom indicates the elasticity 
or actual pressure of the fluid remaining in the receiver. 
The barometer gage is used for this purpose. Ifa baro- 
meter be included beneath a receiver, the mercury will 
stand at the same height as in the open air; but when the 
receiver begins to be exhausted, the mercury will descend, 
and rest at a height which is m proportion to its former 
height as the spring of the remaining air is to its original 
spring or elasticity before the exhaustion. It is usual to 
say, the air is as many timesrarer than the atmosphere, as 
the column it sustains is less than the height the mercury 
Stands at in a detached barometer. On account of the 
inconvenience of including a barometer in a receiver, a 
tube of six or eight inches length is filled with mercury, 
and inverted in the same manner as the barometer. This 
being included, answers the same purpose, with no other 
difference than that the mercury does not begin to descend 
till about three-fourths of the air is exhausted. Itis called 
the short barometer gage. Others place a tube, of a 
greater length than the barometer, with its lower end ina 
vessel of mercury, while its upper end communicates with 
_the receiver. Here the mercury rises as the exhaustion 
proceeds, and the pressure of the remaining air is shewn 
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by the difference between its height and that of the baro- 
meter. ‘This is called the long barometer gage. 

These gages are not often constructed so as to answer 
the purpose of shewing the degree of exhaustion to a 
great degree. For the mercury, though at first boiled, 
to clear it of the air and moisture that adhere to it, and 
render it sensibly lighter, eradually becomes again con- 
tamiated by expcsure to the air in the basin of either 
gage. They cannot therefore with strictness be compared 
to a good barometer in which this does not happen. If the 
tubes of the gages be less than half an inch in diameter, 
the mercury will be sensibly repelled downwards, so as to 
require a correction for the long gage when compared 
with a barometer, whose tube is of a diiferent bore, and to 
render the short gage useless ingreat exhaustions. ‘Thus, 
for example, if the short gage have a tube of one-tenth of 
an inch in diameter, the mercury will fall to the level of 
the basin when the exhaustion is 150 times, and will 
stand below the level for all greater degrees of rarefac- 
faction. These difficulties may all be removed, by making 
the short gage in the form of an inverted syphon, with 
one leg open, and the other hermetically sealed. It must 
be confessed, however, that it is not easy to boil the mer- 
cury in these ; and the method of doing it with success 
cannot, with sufficient conciseness, be described here. 

Few air-pumps exhaust to so great a degree as one 
thousand times by the barometer gage; but the pear- 
gage in some circumstances will indicate an exhaustion 
of many thousand times. 


PYROMETER, (Wepewoon’s.)—Fig. 7, plate XIV. 
An instrument contrived for measuring the expansions and 
contractions of solid bodies by changes of temperature. 

We shall here give an account of Wedgwood’s pyrome- 
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ter, and subjoin a brief description of that constructed by 
Guyton. | 

A measure for the higher degrees of heat, such as the 
common thermometers afford for the lower ones, would be 
an important acquisition both to the philosopher and the 
practical artist. When we are told, for instance, that 
such and such materials were changed by fire into a fine 
white, yellow, green, or other coloured glass, and find that 
these effects do not happen, unless a particular degree of 
fire have fortunately been hit upon, which degree we 
cannot be sure of succeeding in again—when we are dis- 
appointed by having the result at some times an unvitri- 
fied mass, and at others an overvitrilied scoria, from a 
little deficiency or excess of heat—when we see colours 
altered not only in shade but in kind, and in many cases 
destroyed by a small augmentation of the heat which had 
produced them, how much is it to be wished that the 
authors had been able to convey to us a measure of the 
heat made use of in their valuable processes! — 

Mr. Wedgwood, in along course of experiments for the 
improvement of the manufacture he is engaged in, found 
some of his greatest difficulties to arise from not being able 
to ascertain the heat, to which the experiment-pieces had 
been exposed; and having no cther resource, he was 
obliged at first to content himself with such measures as 
his own kilns and the different parts of them afforded. 
Thus the kiln in which his glazed ware is fired furnishes 
three measures, the bottom being of one heat, the middle 
of a greater, and the top still greater ; the kiin in which 
the biscuit ware is fired, furnishes three or four others, of 
higher degrees of heat; and by these he marked his re- 
gistered experiments. But these measures were neither 
fully. adequate to his own views, nor capable of being com- 


municated to others; their use is confined to a particular 
s 
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structure of furnaces, and mode of firing, and upon any 
alteration in these, they would become useless and unin- 
telligible, even where now they are best known. And 
indeed as this part of the operation is performed by work- 
men of the lowest class, it is impossible to depend upon 
any great accuracy evenin one and the same furnace. It 
has accordingly often happened, that the pieces fired in 
the top of the kiln in one experiment have been made no 
hotter than those fired in the middle in another, and vice 
versa. 

The force of fire, in its higher as well as lower stages’ 
can no otherwise be justly ascertained than by its effects 
upon some known body. Mr. Wedgwood observed, that 
compositions of oxides of iron with clay assumed, from 
different degrees of fire, such a number of distinct co- 
lours and shades as promised to afford useful criteria of 
(he respective degrees. 

With this idea he prepared a quantity of such a compo- 
sition, and formed it into circular pieces, about an inch in 
diameter, and a quarter of an inch thick. A number of 
‘these were placed in a kiln, in which the fire was gradu- 
ally augmented, with as much uniformity and regularity as 
possible, for near sixty hours. . The pieces taken out at 
equal intervals of time during this successive increase of 
heat, and piled in their order upon one another ina glass 
tube, exhibited a regular and pretty extensive series of 
colours ; from a flesh colour to a deep brownish red, 
thence to chocolate, and so on nearly to black, with all 
the intermediate tints between these colours. <A back 
being fixed to the tube, like the scale of a thermometer, 
and the number of the pieces marked upon it respectively 
opposite to them, it is obvious, that these numbers may be 
considered as so many thermometric divisions or degrees ; 
and that if another piece of the same composition be fired 
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in any other kiln, or furnace, not exceeding the utmost 
heat of the first, it will acquire a colour corresponding to 
some of the pieces in the tube, and thus point out the de- 
gree of heat which that piece, and consequently such other 
matters as were in the fire along with it, have undergone. 

It must, however, be confessed, that for general use, a 
thermometer on this principle is liable to objection, as 
ideas of colour are not perfectly communicable by words; 
nor are all eyes, or all light, equally adapted for distin- 
guishing them, especially the shades which approach near 
to one another; and the effects of vapours in altering the 
colour, may notin all cases be easily guarded against. 

In considering this subject attentively, another property 
of argillaceous bodies occurred to Mr. Wedgwood; 
viz. the diminution of their bulk by fire. This he found 
to be a more accurate and extensive measure of heat than 
the different shades of colour. 

He found that this diminution takes place in a low red 
heat ; and that it proceeds regularly, as the heat inereases, 
till the clay becomes vitrified, and consequently to the 
utmost degree that crucibles or other vessels made of this 
material can support. The total contraction of some 
good clays, which he examined in the strongest of his own 
fires, is considerably more than one-fourth part in every 
dimension. 

The contraction the clay suffers is permanent, or it does 
not return to its former dimensions when cold; the degree 
of contraction, therefore, can be ascertained without any 
fallacy from the existing temperature, and will indicate 
the extreme of temperature to which it has been exposed. 

This pyrometer consists of a gage, fig. 7, plate XIV. 
composed of two straight pieces of brass, a, 4, twenty-four 
inches long, divided into inches and tenths, and fixed ona 


brass plate, c, d, e, f, so as to converge ; the space be- 
s2 
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tween them at the one extremity being five-tenths of att 
inch, and at-the other three-tenths. The clay well 
- washed is kneaded, and fashioned into small cylinderss 
flattened on cone side, made in a mould, so as to be 
adapted exactly to the wider end, after having been 
heated to redness. It is evident, that in exposing one of 
these pieces to a high temperature, the contraction it has 
suffered may be measured by the length to which it can. 
be slid in the converging groove*. 

‘To add to the utility of this instrument, by connecting 
it with the mercurial thermometer, and by ascertaining 
the proportion between the degrees of each, Mr. Wedg- 
wood made a series of experiments. The scale of his 
pyrometer commences at red-heat visible in day-light. 
The mercurial thermometer cannot easily measure any 
temperature above 500° or 550°. ‘To measure the inter- 
val between the termination of the scale in the one and its 
commencement in the other, he employed the expansions 
of a square piece of silver, measured in a gage of earthen- 
ware, constructed in the same way as his pyrometer ; and 
by the same method he found out the proportion between 
each degree of his scale, and the usual thermometrical 
scales. Each degree of his pyrometer he found to be 
equal to 130° of Fahrenheit. The commencement of his 
scale, or the point marked 0, corresponds with 10773° o¢ 
Fahrenheit’s scale. Hence it is easy to reduce either to 
the other, through their whole range. The scale of 
Wedgewood includes an extent of temperature equal to 
about 32000° of Fahr. or 54 times as much as that 
between the freezing and boiling points of mercury.t Its 
commencement is at 10774° of Fahr. or red-heat visible 


* Philosophical Transactions, vol. Ixxii. p. 310. 
+ Philcsophical Transactions, vol. xxiv. p. 310. 
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jn day-light; its extremity is 249°; but the highest 
heat that he measured with it is 160°, or 21,877° of 
Fahr. this being the temperature of a small air-furnace, 
and 30° of the scale above the point at which cast- 
iron melts. Guyton has more lately affirmed, that the 
relation which Mr. Wedgwood assigned to the degrees 
in his scale, and those of the usual thermometrica! scales, 
is altogether incorrect. Instead of each degree being 
equal to 130° of Fahr. scale, it is equal only to 62.5: 
instead of 1077 of Fahr. corresponding in number with 
the commencement of Wedgwood’s, 517 is the cer- 
responding number; and of course all the higher parts 
of the pyrometrical scale indicate thermometrical de- 
grees by far too great; the heat of a forge, for example, 
instead of being equal, as Wedgwood. estimates it, to 
17327 of Fahr.. is equal only to 8696. The error, 
Guyton supposes to have arisen from Mr. Wedg- 
wood having stated the fusibility of silver too high; 
‘instead of indicating 28° on his scale, as he determines 
it, it appears from all the experiments that have been 
made by others to be only 22°. ‘hat Wedgwood’s de- 
grees are actually stated too high in relation to the usual 
thermometrical scale, appears from some farther observa- 
tions. Dr. Irvine, for example, from a number of trials, 
found reason to believe that the heat of a common fire is 
equal to about 790 of Fahr. while Wedgwood states 
red-heat visible in day-light, which must be rather below 
the other, at 1077. Guyton, however, reduces them too 
low: the commencement of Wedgwood’s scale, denoted 
by red-heat, is certainly higher than €17° of H’ahr., the 
number which Guyton assigns; for this temperature, and 
considerably beyond it, is measurable both by mercury 
and cil, neither of which sustains a red-heat. 
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A Pyrometer has been invented by Guyton for indi- 
cating high temperatures, in which platina is employed 
to measure the degrees of expansion. A rod or plate 
of this metal is placed horizontally in a groove, made in 
amass of highly baked white clay ; one extremity of the 
rod or plate is supported on the mass which terminates 
the groove ; the other presses against a bended lever, of 
platina, the longest arm of which forms an index to a 
graduated arc. The expansion which the rod of metal 
undergoes by exposure to heat, is shewn by the changes 
in the position in this index. ‘The mass of clay, having 
been previously hardened and contracted, by great heat, 
will not be liable to any important error from its contrac- 
tion; and the alteration which it may suffer, during ex- 
posure to heat, will affect only the small distance be- 
tween the axis of motion of the index, and the point of 
contact of the plate, so as rather to diminish the effect 
than to encrease it. Platina not being liable to chemi- 
cal action on being heated, and being infusible at the 
highest heat which is required to be measured, it is well 
adapted to the construction of a Pyrometer. 

Dr. Ure proposes a pyrometer capable of indicating 
high degrees of heat, by the expansion of air. As dry 
air has been found to increase in volume 2ths for 180 de- 
grees of temperature, and as there is reason to believe 
that uniform increments of heat would occasion uniform 
degrees of expansion, the doctor recommends to form a 
bulb and tube of platinum, of exactly the same form as 
a thermometer, and connect with the extremity of the 
stem, at right angles, a glass tube of uniform calibre, 
filled with mercury, and terminating below in a recurved 
bulb, like that of the Italian barometer. Graduate the 
glass tube into a series of spaces, equivalent to ?ths of 
the total volume of the capacity of the platina bulb, 
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with 3ths of itsstem. The other fourth may be supposed 
tobe little influenced by the source of heat. On plunging 
the bulb and 2ds of the stem into a furnace, the depres- 
sion of the mercury will indicate the degree of heat. 
As the movement of the column will be very considera- 
ble, it will be scarcely worth while to introduce any cor- 
rection for the change of the initial volume by barometric 
variation. Or the instrument might be made with the 
recurved bulb sealed, as in professor Leslie’s differential 
thermometers. .The glass tube may be joined by fusion 
to theplatinum tube. Care must be taken to let no mer- 
cury enter the platinum bulb. Should there be a me- 
chanical difficulty in making a bulb of this metal, then 
a hollow cylinder of 4 inch diameter with a platinum 
stem, like that of a tobacco-pipe screwed into it, will suit 
equally well. 

A great number of Pyrometers of inferior importance 
have been invented, and ingeniously contrived for the 
purpose of measuring low degrees of temperature, by 
the expansion of metallic bars, &c. which are made to 
indicate changes by moving wheels, levers, and other 
mechanical contrivances. 

RASPS are usually considered as requisite parts of 
the furniture of a Laboratory; the forms of those which 
are likely to be most useful are represented at fig. 3, 
and fig. 4, plate 2. . 


REFLECTORS (Picrer’s) for experiments with 
radiant heat, fig. 10, Plate 14. These concave reflectors 
a, and b, are usually made of planished tinned iron 
plate, about 12 inches diameter, and segments of a 
sphere of nine inches radius; they must be fastened by 
sliding rings and screws on metallic stands c,c. To 
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show that invisible rays of heat are radiated from a hot 
body through space, and reflected from polished sur-| 
faces, as light is, let the two reflectors upon their stands 
he placed upon a table, about six feet apart, and ex-' 
actly opposite to one another; let a heated ball d, be 
placed in the focus of the mirror a, there being a tempo-. 
rary screen of glass or paper interposed between them. 
In the focus of the reflector 6, place an air thermometer, 
e, remove the screen from between the heated ball and. 
the reflector a, and ays of heat will proceed from the 
ball in every direction, the mirror will receive some of 
them on every part ofits surface, and the rays which 
fall upon it will be reflected in straight lines towards the 
mirror J, from the surface of which they will be again 
reflected, and made to converge to a focus upon the: 
bulb of the air thermometer. The heat in .the focus of: 
these rays being considerable, the air within the bulb of 
the. thermometer will be heated, and by its expansion, 
drive the liquid down to the bottom of the tube. Place 
the screen again between the ball d, and the mirror a, 
and the heat which affects the thermometer will be in- 
tercepted, the air will contract in: bulk, and the quid 
will rise again in the tube. A flask of hot water may be 
occasionally used instead of the heated ball. 

A quantity of ice or snow in a glass vessel being sub- 
stituted for the heated ball in the focus oi the mirror a,. 
radiation of heat will take place in the opposite direction ; 
the bulb of the thermometer, in that case, being the hot- 
test body, the air within the thermometer, losing its heat 
by this radiation, contracts. in bulk and allows the li- 
quid in the tube to rise higher up. 

These mirrors may be used to illustrate the Aittoxenln 
radiating powers of different surfaces. For this pur-: 
pose a canister of tinned iron plate, forming a- cube of 
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about 6 inches, is generally used. The canister should 
have one side painted with lamp black, another should 
be scratched with sand paper, the third tarnished with 
quick silver, and the fourth should be left bright. 
When this canister is placed before the reflector a, in- 
stead of the heated ball, if the bright side be turned to- 
wards the reflector a, very little effect will be produced 
upon the air thermometer in the focus of the other re- 
flector c, but if the black side of the canister be turned 
towards a, the thermometer in the focus of 4 will be 
heated, and the descent of the liquid will mark the 
difference. Intermediate degrees of eifect may be pro- 
duced by turning the other sides mentioned towards the 
reflector. By experiments like these, it is proved that 
polished metallic surfaces have least radiating power 
or in other words that they confine the heat most effec- 
tually, and that blackened surfaces have the greatest: 
radiating power; or they are least capable of confining 
heat. These properties of black and of bright metallic 
surfaces may also be conveniently proved, by filling two 
tinned iron canisters of equal size, one black and the 
other bright, with boiling water; if the temperature of 
each vessel be tried by plunging the bulb of a thermo- 
meter into them, about ten minutes or a quarter of an 
hour afterwards, the water in the white vessel will be 
found considerably hotter than that in the black one, be- 
cause the superior radiating power of the black vessel 
will enable the water which it contains, to cool much 
faster. 


RECEIVER. Sere Ate Jar, page 32; Bert Guass, 
page 53; and Battoon, page 46. 


RETORT. Retorts are made for various ‘processes 
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in the arts of different metals, but those iu common use 
are chiefly of glass or earthenware. ‘They are either 
plain or tubulated ; plain retorts aresuch as have no 
other opening beside that at the end of the tube. Plain 
retorts, to be convenient, should be rather wide in 
the neck or tube; they should be very thin at the 
part where heat is to be applied, that they may bear 
sudden changes of temperature without cracking; and, 
for some purposes to which they are applied, particu- 
larly when they are to be exhausted of air, taey should 
be round and not flat at the bent part. Tubulated re- 
torts have an opening at the bent part, supplied with a 
stopper for the convenience of charging them. Several 
representations of each kind may be seen in the plates. 
Retorts of green glass are found preferable for some 
experiments. Glass retorts require some management 
and care to prevent them from breaking; if any solid 
substance be put mto a retort which adheres to the 
bottom of it when overa lamp, it is almost sure to break; 
if a retort be laid down while hot upon a substance ca- 
pable of conducting away the heat from it rather quickly, 
there is almost a certainty that it will break; but it 
may be laid down upon a piece of woollen cloth, or on 
dry glass with safety. 


SACHAROMETER, an instrument used by brewers 
for measuring the strength of wort, upon the principle 
ofthe Hydroweter already explained. Its name im- 
plies that it is an indicator of the quantity of sugar con- 
tained in the wort, but this name is incorrect, for it mea- 
sures the whole quantity of solid substance dissolved in 
the water of which the wort ismade. The instrument 
is composed of alarge hollow bulb with a small heavy 
one under it, and a stem aboye the bulb with a gradu- - 
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ated scale of an hundred equal parts upon it, commenc- 
ing at the top. The weight of the instrument and the 
graduation of the scale, are so adjusted to one another, 
as to allow the stem to sink in distilled water, atthe tem- 
peratnre of 70°, to the commencement of the scale; but 
when it is plunged into any liquor of the same tempera- 
ture, the specific gravity of which is 1,100, it willsink only 
tothe mark 100 uponthe scale, which is just abovethe bulb. 
Since the specific gravity of wort, which is intended 
for ale, is usually from about 1,090, to 1,100, and the 
specific gravity of wort for table beer from 1,020, to 
1,030, it will be obvious that an instrument such as has 
been described, must be very useful and very etfectual 
in ascertaining the required degrees of specific gravity. 


SPIRIT LAMP, figs. 27, 28, plate .—For chemical 
experiments upon a small scale, this is by far the most 
convenient kind of Lamp, as the flame of spirit of wine 
does not blacken, or in any degree, soil the vessel to 
which it is applied; and as the degree of heat may be 
regulated merely by raising the wick higher up, or by 
drawing it lower down. Any short, small glass bottle 
may be made to answer for a spirit lamp, but the shapes 
represented in the plate are those generally used, and 
in order to prevent waste of the spirit by evaporation, 
the lamp requires to have a glass cap fitted to it by 
grinding, so as to enclose the wick air tight. 


STILL, Meratric.—The distillatory apparatus used 
in experimental chemistry is mostly made of glass, but 
as small metallic stills are useful for some purposes, 
such as the distillation of water, they require to be de- 
scribed. The most usual form of metallic still is that 
which is represented, plate XII. fig. 1. The body or 
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boiler of the still a, and the head or capital ), are made 
of copper ; the worm tub c, is of wood, and the worm d, 
of any convenient metal. ‘The liquid which is to be 
converted into vapour is put into a, and made to boil by 
the application of heat; before the capital 4 becomes 
hot, a portion of the vapour will be condensed by the cold 
of its sides, but it is soon too much heated to condense the 
vapour ; it then passes over into the refrigeratory or worm 
d, which is cooled by a quantity of cold water in the 
tube; this water receiving the heat which is set free by the 
vapour, when it condenses into a fluid, israpidly heated, 
and requires to be changed when the distillation is con- 
tinued for any length of time. The vapour arising from 
the still is thus condensed, by passing through the refri- 
geratory, and runs out in the fluid form at the end of the 
spiral pipe e, into the receiver f,—g is the stand upon 
which the worm tub is placed. 

+ Distillation, upon a large scale, is performed in an ap- 
paratus very similar to that which has been described. 
The object of the distiller of spirituous liquors is to se- 
parate the alcohol, which has been previously formed by 
the process of fermentation, from the water with which 
itis mingled. The spirit of wine being more easily con- 
verted into vapour than the water, the vapour of the 
spirit rises first, and, being condensed by cold, is ob- 
tained in the liquid form. If it is desirable to encrease 
the strength of the spirit, by freeing it from more of the 
watery particles, that still adhere to it, this may be done 
by distilling it again. Great care is required to prevent 
loss of the spirit by evaporation, and also to prevent it 
from acquiring a disagreeable flavour in the process of 
distillation. A great number of different contrivances 
have been introduced into the construction of the still, 
another form of this apparatus may be seen, plate 15, 
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fig. 10,in which the condensing’ vessel is a cylinder 
instead of a spiral tube. 


SYPHON. An iustrument which is sometimes re- 
quired to be used in the laboratory, for drawing fluids 
out of vessels that do not admit of being moved. 

Different forms of this instrument may be seen at figs. 
18 and 35, plate I, and fig. 7, plate [1.—Where a tube 
of the form, fig. 35, is exhausted of air, by applying the 
mouth to the tube that is attached to the long side, the 
lower aperture being closed by a finger, or in any other 
way, and the aperture of the short side being immersed 
in water, the instrument is filled with water; and if the 
finger be then removed from the aperture of the long 
side, the water will flow out at that aperture as long as 
the short end is under the surface of the water .in the 
vessel. ‘The effect seems to depend partly upon gravity, 
and partly upon the pressure of air. When the fin- 
ger is first removed, the water, yeilding to the influence 
of gravitation, flows out, and this occasions the pressure 
to be removed from the inside of the tube, so that the 
pressure of the air on the outside, not being balanced with- 
in, causes the water to ascend and flow over, just as it 
would do if the tube were entirely exhausted of air. 


SYPHON, (De. Urz’s) for the analysis of gaseous 
matter by explosion. It is thus described by the in- 
ventor. It consists of a glass syphon, having an inte- 
rior diameter of from 2,ths to ths of an inch. Its legs 
are of nearly equal length, each being from six to nine 
inches long. The open extremity is slightly funnel- 
shaped; the other is hermetically sealed; and has in- 
serted near it, by the blow pipe, two platina wires. The 
outer end of one wire is incurvated across, so as nearly 
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to touch the edge of the aperture; that of the other is 
formed into a little hook, to allow a small spherical but- 
ton to be attached to it, when the electrical spark is to be 
transmitted. ‘The two legs of the syphon are from one- 
fourth to one-half inch asunder. 

The sealed leg is graduated, by introducing suc- 
cessively equal weights of mercury from a measure 
glass tube. Seven ounces troy and 66 grains, occupy 
the space of a cubic inch; and 34 and + grains represent 
zoo part of that volume. The other leg may be gra- 
duated also, though that is not necessary. The instru- 
ment is then finished. 

To use it, we first fill the whole syphon with mercury or 
water, which a little practice will render easy. We then 
introduce into the open leg, plunged into a pneumatic 
trough, any convenient quantity of the gases, from a 
glass measure tube, containing them previously mixed 
in determinate proportions. Applying a finger to the 
orifice, we next remove it’ from the trough in which it 
stands like a simple tube; and by a little dexterity, we 
transfer the gas into the sealed leg of the syphon. When 
we conceive enough to have been passed up, we remove 
the finger, and next bring the mercury to a level in both 
leys, either by the addition of a few drops, or by the dis- 
placement of a portion, by thrusting down into it a smail 
cylinder of wood. We now ascertain, by careful inspec- 
tion, the volume of included gas. Applying the forefinger 
again to the orifice, so as also to touch the end of the 
platina wire, we then approach the pendent ball or but- 
ton to the electrical machine, and transmit the spark. 
Even when the included gas is in considerable quantity, 
and of a strongly explosive power, we feel at the instant 
nothing but a slight push or pressure on the tip of the 
finger. After explosion, when condensation of volume 
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ensues, the finger will feel pressed down to the orifice by 

the superincumbent atmosphere. On gradually sliding 

the finger to one side and admitting the air, the mercurial 

column in the sealed leg will rise more or less above that 

in the other. We then pour in this liquid metal till the 
equilibrium be again restored, when we read off as be- 

fore, without any reduction, the true resulting volume of 
gas. 

As we ought always to leave two or more inches of 
air between the finger and the mercury, this atmospheric 
column serves as a perfect recoil spring, enabling us to 
explode very large quantities without any inconvenience 
or danger. The manipulation is, also, after a little prac- 
tice, as easy as that of the sing'e tube. But a peculiar 
advantage of this detachable instrument is, to enable us 
to keep our pneumatic troughs, and electrical machine, 
at any distance which convenience may require; even in 
different chambers, which, in the case of wet weather or 
damp apartment, may be found necessary to ensure 
electrical excitation. In the immediate vicinity of the 
water pneumatic cistern, we know how often the electric 
spark refuses to issue froma good electrophorus, or even 
a little machine. Besides, no discharging rod or com- 
municating wire is here required. Holding the eudiome- 
ter in the left hand, we turu the handle of the machine, 
or lift the electrophorus plate with the right, and, ap- 
proaching the little ball, the explosion ensues. The 
electrician is well aware that a spark so small as to excite 
no unpleasant feeling in the finger, is capable, when 
drawn off by a smooth ball, of inflaming combustibie 
gas. LKven this trifling circumstance may be obviated, 
by hanging on a slender wire instead of applying the 
finger. 


_ We may analyze the residual gaseous matter by in- 
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troducing either a liquid or solid re-agent. We first 
fill the open leg nearly to the brim with quicksilver, and 
then place over it the substance whose action on the gas 
we wish to try. If liquid, it may be passed round into 
the sealed leg among the gas; but if solid fused potash, 
forexample, the gas must be brought round into the open 
leg, its orifice having been previously closed with a cork 
or stopper. After a proper interval, the gas being trans- 
ferred back into the graduated tube, the change of its 
volume may be accurately determined. With this eudio- 
meter and a small mercurial pneumatic cistern,’ we may 
perform pneumatic analysis on a very considerable scale. 

‘It may be desirable, in some cases, to have ready 
access to the graduated leg, in order to dry it speedily. 
This advantage is obtained, by closing the end of the 
syphon, not hermetically, but with a little brass cap 
screwed on, traversed vertically by a platina wire insu- 
lated in a bit of thermometer tube. After the apparatus 
has been charged with @as for explosion, we connect 8 
spherical button with the top of the wire. 

With the above instrament I have exploded half a 
cubic inch of hydrogen mixed with a quarter of a cubic 
inch of oxygen; as also, a bulk nearly equal of an ole- 
fiant gas explosive mixture, without any unpleasant 
concussion or noise; so completely does the air chamber 
abate the expansive violence, as well as the loudness of 
the report. Projection of the mercury, or displacement 
of the gas, is obviously impossible.—Zdin. Phil. Trans. 
January 1818. 


TEST TUBES are tubes of thin glass, from + of 
an inch to } of an inch in diameter, and from 2 inches to 
6 inches in length ; they are closed at one end by the 
blowpipe, and widened out into a lip at the open end. A 3 
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stand containing a number of these is represented, plate 
XVI. fig. 27. Tubes of this kind, are of the greatest use 
in experimental chemistry, for the examination of small 
portions of fluids, by tests or re-agents; they are also 
very convenient for holding small portions of fluids, 
while heat is applied to them, over the flame of a spirit 
lamp. 


THERMOMETER. This instrument was originally 
invented in Italy, by Sanctorius, a physician, who lived 
in the seventeenth century ; its form, as invented by that 
philosopher, is described at page 33, under the head Arr 
Tuermometer. ‘The members of the Academy del 
Cimento improved this instrument, by using a liquid 
instead of air as the measure of expansion. The liquid 
at first.employed was coloured spirits of wme, which was 
inclosed in a tube hermetically sealed, to prevent inju- 
rious effects arising from variations of atmospheric pres- 
sure. Mercury was afterwards introduced as the best 
thermometric liquid, by Dr. Halley and Sir Isaac New- 
ton. Mercurial thermometers are generally used, but 
spirit thermometers continue in use also, being most ap- 
plicable to some particular purposes. 

To construct a mercurial thermometer, a bulb is 
blown at one end of a glass tube having a very small 
bore; the bulb is then very much heated, and while it is 
hot, the open end of the instrument is immersed ina 
vessel of quicksilver; as soon as the expanded portion 
of air that remains within the instrument, cools and 
contracts, the pressure of air, on the outside of the 
quicksilver in the vessel, will force a considerable por- 
tion of that fluid to ascend into the instrument; but it 
cannot be sufficiently filled the first time of heating ; it 
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must be again heated, and again immersed, until it is 
sufficiently filled. The bulb must then be heated once 
more, until the mercury expands so as to fill the tube 
entirely; at that moment, the flame ofa lamp, urged by 
a blow-pipe, is directed upon the glass at the open part; 
it is melted, and hermetically sealed ; when the mercury 
cools, it sinks down in the tube, and as no air can get in, 
it will be obvious, that the space left by the mercury, 
when it contracts by coolmg, must be a vacuum. ‘The 
next step in the progress of preparing the instrument is, 
to immerse it in dissolving ice or snow; when the mer- 
cury becomes stationary, a mark is made with a file 
upon the glass of the tube at that part ; the instrument 
is then placed in water, which is made to boil, and as 
soon as the mercury becomes stationary again, another 
mark is made upon the glass at that part; the first mark 
indicates the freezing pomt; the second, the boiling point 
of water. By these or similar marks, the graduation of 
the scale, which is afterwards to be applied, must be re- 
gulated. If Fahrenheit’s scale is to be applied, then 
there must be 180 equal parts or degrees, between the 
boiling and the freezing points, as marked upon the 
glass, and beiow the freezing point, there must be 32 
more of tle same equal divisions or degrees. From this 
point called zero, the divisions of the scale are numbered 
upwards, sometimes a little higher than 212, the boiling 
point of water, and sometimes rather higher than the 
boiling point of mercury, which is 655 degrees. It has 
generally been supposed, that the German artist, Fahren- 
heit, commenced his scale at the degree of cold produced 
by mixing snow and common salt, which was the lowest 
known in his time. But the temperature of snow and 
common salt, when mingled together, is 4 or 6 degrees 
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lower than the beginning of Tahrenheit’s scale; so that 
it is not now known, with certainty, in what manner he 
obtained the temperature with which his scale begins. 

The scale of Reaumur commences at the freezing 
point of water which is marked 0, and is ealied Zero. 
The space between this point, and the boiling point of 
water, is divided into eighty equal parts or degrees. 
Since each degree on Fahrenheit’s scale is equal to $ths 
of a degree on Reaumer’s, the correspondence between 
them may be found in the following manner: if the num- 
ber of degrees on Fahrenheit’s scale, either above or 
below the freezing point of water, be multiplied by 4, and 
divided by 9, the quotient will be the corresponding 
number on Reaumur’s, to reduce these of Reaumur to 
those of Fahrenheit they must be multiplied by 9 and di- 
vided by 4. , 

The scale of the Centigrade Thermometer commences 
at the freezing point of water, between which and the 
boiling point are 100 equal divisions or degrees. One 
degree on Fahrenheit’s scale, equals 3ths of one degree 
on the centigrade scale. To make the indications on 
the last mentioned scales correspond, the pumber of 
degrees of Fahrenheit above or below the freezing point 
of water, are to be multiplied by 5 and divided by 9. 
To reduce degrees on the centigrade scale to those of 
Fahrenheit, their number must be multiplied by 9 and 
divided by 5. The centigrade scale is much approved 
by some philosophers, but Fabrenheit’s has one import. 
ant advantage over it, in having its divisions much smal- 
ler ; on this account, fractional parts, which are often in- 
convenient, are the less requisite to be chserved. 

Dr. Murray was of opinion, that a thermometer with 
a scale, having the extreme points at the freezing and 
boiling of mercury, and 1000 equal divisiens between, 
would be preferable to any of the thermometers in use, 
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The advantages of such a thermometer are thus described 
by Dr. Murray. The degrees would be smaller even 
than Fahrenheit’s without being so much so as to be 
inconvenient, either in the construction of the instru- 
ment, or for observation ; fractional parts might in gene- 
ral be entirely disregarded ; and the commencement of 
the numeration being so low, we should scarcely ever 
have to express negative degrees. The commencement 
of the scale would also be about the lowest natural tem- 
perature. It seems the most natural method, too, to 
assume the freezing and boiling points of the fluid, 
which is the most accurate thermometrical one, and is 
most generally employed for that purpose, as the fixed 
points of the scale which its expansions are to measure. 
These points, by careful experiments, might be fixed 
with accuracy, and the degrees which correspond with 
the freezing and boiling points of water determined by ac- 
tual trial; and this being done in the construction of the 
instrument, the common method might still be followed, 
though the scale might be divided and numbered in re- 
lation to the freezing and boiling points of quicksilver. 
Assuming the freezing and boiling points of quicksilver 
to be, according to Fahrenheit’s scale, —40, and +655 ; 
the freezing and boiling points of water are 99 and 347 
on this new scale. 

The advantages of mercury as a thermometric fluid, 
consist in its expanding more uniformly than alcohol; in 
its being more readily affected by changes of tempe- 
rature, and it is capable of measuring higher degrees of 
temperature than any other fluid. As mercury does not 
boil until it is heated to 655 degrees of Fahrenheit’s 
scale, and as it does not freeze until it is cooled to 39 
degrees below zero of the same scale, it is capable of 
measuring changes of temperature, from 71 degrees 
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below the freezing point of water to 623 degrees above 
the same point. Alcohol is incapable of measuring 
changes of temperature above 182 degrees of Hahren- 
heit, being at that heat converted into vapour, but it is 
very useful in measuring changes below the freezing 
point of mercury, as it has not been frozen by any de- 
gree of cold yet produced. 

Before the thermometer could be used with confidence 
as an indicator of changes of temperature, it was requi- 
site that the expansions and contractions of the thermo- 
metrical fluid used, should be proved to correspond in 
every degree, with the addition or abstraction of tem- 
perature. If, by the addition of a certain quantity of 
caloric at a low temperature, aless or greater expansion 
is produced than by the same quantity of heat at a 
higher temperature, the instrument cannot be considered 
accurate. To investigate this point, the following ex- 
periment was made by several eminent philosophers. A’ 
thermometer, the tube of which was found to be perfectly 
eylindrical, was immersed in het water, and the part 
of the tube where the fluid which it contained became 
stationary, was marked; the part was then marked at 
which the fluid became stationary when immersed in 
colder water; the next step was to mix the hot ard cold 
fluids, in order to ascertain if the temperature of the two, 
when mixed, would be the mean between the diffe- 
rent temperatures. But the correct mean temperature 
could not be attained. When a quantity of water, at 
45 degrees, was mixed with an equal quantity at 200.7 
degrees, the temperature of the mixture was 2.5 degrees 
less than the arithmetical mean, as indicated by a mer- 
eurial thermometer. From many similar experiments, 
similar results were obtained. In another ex periment, 
the mercurial thermometer placed in a mixture of equal 


Sek 


278 Thermometer. 


parts of water at 32° and 212° indicated 119° instead of 
122, the mean temperature, Thermometers in which 
olive or linseed oils were used, gave indications still 
farther from the truth, standing at only 117° when 
plunged into a mixture of equal parts of water, at 32° 
and 212; a thermometer with alcohol plunged into a 
similar mixtare indicated only 108°, and a thermometer 
containing water, aS a measurer of expansion, gave only 
75° instead of 122, the real mean temperature. 

De Luc has remarked upon the foregoing experi- 
ments, that they proceed upon the assumption that the 
capacity of water for caloric is permanent, within the 
range of temperature operated upon, while there is every 
probability that there is an increase of capacity, from 
augmentation of its temperature. This property, the 
capacity for caloric, is connected, to a certain extent, 
with the volume a body occupies; now, the expansion of 
water proceeding in an increasing ratio, the volume 
when two equal portions, at different temperatures, are 
mixed together, must be below the mean; there is ac- 
cordingly, im mixing equal portions of water at 32° and 
2120, a condensation of volume, equal to about 1.90th 
of its bulk. This 1s probably accompanied with a dimu- 
tion of capacity, and from this cause a quantity of heat, 
must be given out in the experiment, which must raise 
the temperature above the true mean, or cause the re- 
sulting temperature to appear higher than it truly is. 
The extent of this, however, it is not easy to determine, 
as we do not know the relation between the change of 
volume and the change of capacity. It may therefore 
be trivial. To cbviate this objection more clearly, Dr. 
Crawford farther made the experiment of exposing the 
thermometer equally to the influence of air, cooled by 
snow to 32°, and of air heated by steam to 212, it rose 
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to 121° and remained stationary at that temperature 
fifteen minutes, the time during which the experiment 
was continued. It indicated, therefore, a temperature, 
one degree inferior to the arithmetical mean, when the 
difference of temperature amounted to 180 degrees. 
Even this deviation from the precise arithmetical mean 
he supposed to be diminished by admitting a correc- 
tion for the effect of the temperature on the quantity of 
fluid in the stem of the thermometer. From these ex- 
periments this philosopher inferred that the mercurial 
thermometer is an accurate measure of heat, and also 
inferred from his experiments, combined with the other 
mode of experiment, that the capacity of water for calo- 
ric scarcely varies from 32° to 212°. 

Mr. Dalton maintains, that water, mercury, and, in 
general, all pure homogenous liquids, notwithstanding 
the apparent diversity in their rate of expansion, expand 
according to the same law; the quantity of expansion 
being as the square of the temperature from their re- 
spective freezing points, or points of greatest density ; 
and he recommends the graduation of a mercurial ther- 
mometer upon this principle. Such a thermometer 
would differ from the ordinary one with an equi-differen- 
tial scale, by having its lower degrees smaller, and the 
upper ones larger; the mean between freezing and 
boiling water, or 122° on the new scale, will be found 
about 110° on the eld one. 

Respecting the principle of this thermometer, it has 
been asserted that it appears to rest more on analogy 
than on direct experiments, and it is considered hypothe- 
tical by some of the ablest chemists of the present age. 

Of this, however, there appears to be no doubt, that 
the expansion of solid and fluid bodies is not equal for 
equal portions of heat applied to them; the first portion 
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of heat applied having a great force of attraction to 
overcome, produces the least effect ; the second portion 
having less attraction of cohesion to contend with, occa- 
sions a greater degree of expansion ; and on the same 
account every succeeding equal portion of heat produces 
an increased effect. ‘‘ Let 1000, says Dr. Ure, repre- 
sent the cohesive attraction ; at the commencement, then, 
after receiving one increment of caloric, it will become 
1000—1=999. Since the next unit of that divellent 
agent will have to combat only this diminished cohesive 
force, it will produce an effect greater than the first in 
the proportion of 1000 to 999, and so on in continued 
progression.’’ This encreasing rate of expansion in 
fluids would certainly render the mercurial thermometer 
an incorrect indicator of changes of temperature, if the 
dilatation of the giass bulb and tube did not afford a 
compensation ; for as the fluid expands, the capacity of 
the bulb and tube enlarges also, just in that proportion’ 
which is required to counteract the unequable expansion 
of the fluid within. This important fact has been proved 
chiefly by the experiments of M. M. Dulong and Petit, 
who, taking advantage of.the uniform expansion of air, 
used an air thermometer with which to compare the ex- 
pansions of the mercurial thermometer, and the results 
of their experiments are expressed in the following 


table. 
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Table of Comparison of the Mercurial and Air 
Thermometer. , 


i | . ‘ature indicated by an 
Temperature indicated by |Corresponding Temperatu 


: 5! air ther. corrected for the 
the Mercurial. Vols. of the dilatation of glass, 
same mass of 


air. 


Centigr. Fahr. Centigr. Fahr. 

—— 36°} —32.8° 0.8650 —36.00° | —32.8° 

QO} +32 1.0000 0.00 + 32.0 

100 12 1.8750 100.00 212.0 
150 02 1.5576 148.70 299.66 
200 392 1.7389 197.05 386.69 
250 482 1.9189 245.05 475.09 
300 O72 2.0976 292.70 098.86 
Boiling 360 680 2.3125 350.00 662.00 


We are justified, therefore, in considering a mercurial 
thermometer, that is skilfully made, a correct indicator 
of changes of temperature. Fig. 2, plate XIII. repre- 
sents a mercurial thermometer, constructed in such a 
way, that the bulb may be immersed in any fiuid to 
ascertain its temperature. Fig. 9, plate XIII. represents 
a thermometer graduated as high as the boiling point of 
mercury, having a part of the scale moveable to admit 
of the plunging of the bulb in any liquid. 

To enable observers to register the various changes 
in the temperature of the air, several different thermome- 
ters have been invented. Six’s thermometer, fig 9, 
plate XIV. has the bulb in the form of a long cylinder, 
the tube is bent down parallel with the cylinder and 
passing under it, rises in a parallel direction to the top 
on the other side; the bulb is usually filled with spirit 
of wine, which is in contact with a portion of mercury 
occupying the lower part of the tube, and the mercury 
is succeeded by a second portion of spirit. The mer- 
cury carries an index a, upon each ofits surfaces; when 
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the fluid in the cylinder contracts, by cold, the index on 
the left side will be pressed upwards, as long as the heat 
decreases, and will be retained at its greatest height by 
a weak spring. When the fluid in the cylinder expands 
by heat, it must press upon the surface of the mercury 
in the left side of the tube, forcing it to rise higher in the 
right side: as long as the heat continues to increase, the 
index will rise on the surface ef the mercury in the right 
side of the tube, and will be retained at the greatest 
height by its spring: it must be obvious, therefore, that 
the index on the side opposite the left hand will indicate 
the greatest degree of cold, in any given time, and the 
one on the right, the greatest degree of heat. The 
indexes being of iron or steel, may be brought back 
to their places by a magnet, applied to the outside of the 
tube. 

The arrangement of thermometers by Rutherford is 
intended to answer a similar purpose. Two thermo- 
meters, with recurved bulbs, are placed horizontally in 
contrary directions, one containing mercury, and the 
other spirit of wine, fig. 5, plate X. One index is placed 
without the surface of the mercury, the other within that 
of the spirit of wine. ‘Thermometers of this kind are now 
most frequently made with recurved bulbs of a cylindri- 
cal form. | 

Other self-registering thermometers have been invent- 
ed, one of tae most remarkable of which keeps an ac- 
count of the variation of temperature for every instant 
of time, by describing a line on a revolving barrel. 
Another self-registering thermometer,the invention of Mr. 
Crichton of Glasgow, as described by Dr. Ure, consists 
of two oblong slips of steel and zinc, firmly fixed toge - 
ther by their faces; so that the greater expansion or 
contraction of the zinc, over those of the steel, by the 
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same variations ef temperature, causes a flexure of the 
compound bar. As this bar is secured at one end to a 
board, the whole flexure is exercised at the other, on the 
short arm of a lever index, the free extremity of which 
moves along a graduated arc. The mstrument is origi- 
nally adjusted on a good mercurial thermometer; and 
the movements of the arm are registered by two fine 
wires, which are pushed before it, and remain at the 
maximum deviation to the right or left of the last ob- 
served position or temperature. The principle is the 
same as that of Arnold’s compensation balance for Chro- 
nometers, 

M. Brequet has constructed an extremely delicate 
instrument upon the same principle. It consists ofa 
narrow metallic slip about ,$5th part of an inch thick, 
composed of silver and platina, soldered together; and 
it is coiled in a cylindrical form. ‘The top of this spiral 
tube is suspended by a brass arm, and the bottom car- 
ries, in a horizontal position, a very delicate golden nee- 
dle, which traverses as an index, on a graduated circu- 
lar plate, a steel stud, rises in the centre of the tube, to 
prevent its oscillations from the central position. If the 
silver be on the outside of the spiral, then the influence 
of increased temperature will increase the curvature, and 
move the appended needle in the direction of the coil ; 
while the action of cold will relax the coil, and move the 
needle in the opposite direction. 


WATER (apparatus for the composition of) the con- 
trivances for this purpose are numerous. The most sim- 
ple is the detonating tube, fig. 54. plate 1. This tube 
being charged with two parts by bulk, of pure hydrogen, 
and one part of pure oxygen, over water, in the hydro- 
pneumatic trough, an electrical spark, passed through by 
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thewires near the top, will inflame the gases; they will 
combine with a flash of light, and instantly disappear, 
while the tube is filled with water from the trough. But 
this form of the experiment shews only the condensation, 
and not the minute quantity of water formed by the 
union of the gases. 

The apparatus called Cavendish’s (that philosopher 
having first successfully examined this subject,) affords. 
an opportunity of performing this experiment more suc- 
cessfully. The following wood-cut represents this appa- 
ratus. 


It is composed of a very thick glass vessel a, with a 
glass stopcock 5b, and a ground glass stopper c, which 
has two platinum wires d, passing through it, into the 
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inside of the vessel. There is also a collar of brass 
round the neck of the thick glass vessel, with two brass 
rods passing through it, for the purpose of receiving 
a bar of the same metal, the intention of which is to keep 
down the stopper, whea gases'are exploded in the in- 
side. The bar is secured by a screw upon the end of 
each rod. A brass cap e, receives the lower part of the 
glass vessel, which is firmly fixed into it with cement ; f 
is a brass stopcock which admits of being unscrewed at 
the brass cap above or at the brass foot below. ‘To use 
this apparatus it is first to be unscrewed from the brass 
foot, and attached to the plate of an air pump, or to an 
exhausting syringe, that it may be exhausted of air; it 
must then be screwed to the top of an air jar, standing 
upon the shelf of a pneumatic trough, and containing a 
mixture of one volume of oxygen and two volumes of 
hydrogen ; as soon as a communication is made between 
the exhausted vessel, by opening the glass stopcock e, and 
the brass one f, the gas rushes up and fills the vessel ; it 
is then disengaged trom the jar and screwed to its foot 
again. A chain is then hooked to the wire on one side 
of the glass stopper, and the operator, taking in his hand 
a small jar previously charged by being held in contact 
with the conductor of the electrical machine, and holding 
the end of the chain in the same hand, so that it may be 
in contact with the outside metallic coating of the jar, 
the brass knob of the jar is then made to touch the wire 
on the other side of the glass stopper ; this occasions the 
jar to be discharged through the gases, which instantly 
combine with a flash of light, and the inside of the vessel 
is covered with moisture. If the apparatus be now at- 
tached to the air jar again, and the communication be- 
tween them be opened, another quantity of air will rush 
in to fill up the void occasioned by the combination of the 
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gases, and this may also be inflamed by passing the elec- 
trical spark as before, with the same result. 
The apparatus represented by the next wood cut, is 
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very convenient for shewing the formation of water, by 
burning a current of hydrogen in an atmosphere of 
oxygen. A is a glass jar containing water; B isa re- 
ceiver filled with hydrogen; C and Dare two brass stop- 
cocks; E is a jet pipe where the hydrogen is inflamed; 
F isacylindrical glass vessel exhausted of common air 
‘and filled with oxygen gas; G is a platinum wire with a 
ball at each end, by which the electrical spark is applied 
to inflame the hydrogen. On slightly pressing down 
the jar filled with hydrogen into the water, at the same 
time opening the stopcocks C and D, the gas ascends 
and is instantly inflamed by the electrical spark, and 
burns with great heat, while the water collects rapidly 
into drops, which will be seen trickling down on the in- 
side of the glass cylinder. 

But if it should be desired to perform this interesting 
experiment upon a larger scale, and with greater accu- 
racy, other forms of apparatus must be adopted. Fig. 3, 
plate 5, represents an apparatus which has been used for 
the production of considerable quantities of water; a a 
are tubes communicating with the gassholder for the sup- 
ply of oxygen and hydrogen gases ; b is an exhausted 
glass vessel of a globular shape, in which the combustion 
is carried on; c, a tube for carrying off the water formed 
by the combustion; d, a brass plate perforated by the 
tubes a a, and the wires e,—f the points of the wires by 
which the electrical spark is communicated. The appa- 
ratus called Cuthbertson’s, is admirably adapted for this 
experiment, figs. 30 and 31, plate 1. It consists of a large 
globular receiver, open at the bottom to admit a piece of 
brass with two apertures, such as is represented on a 
larger scale, at fig. 31: the oxygen gas enters by the 
aperture a, and the hydrogen by the aperture 4, from two 
gasometers. The directions given by Dr. Henry for 
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composing water with this apparatus, are very clear and 
at the same time concise. ‘‘ When it is intended to as- 
certam accurately the proportions of gases consumed, 
and of water generated, the receiver a, previously weighed» 
is first exhausted by an air-pump, with which it may be 
connected by the female screw at c, fig. 30. The quan- 
tity of common air left in the receiver, may be determined 
by enclosing a guage within it. If the additional ex- 
pense be not deemed an objection, it is adviseable, that 
after exhausting the receiver, oxygen gas should be ad- 
mitted, its contents should be exhausted a second time, 
and again renewed by fresh oxygen from the gasometer, 
the quantity of which may be observed by the graduated 
scale. The receiver being thus filled with oxygen gas, 
and accurately closed by a cock at c, a succession of 
sparks is to be passed, from the prime conductor of an 
electrical machine, between the platina knob of the bent 
wire within the receiver, and the point of the brass cone, 
While the sparks are transmitted, the cock d is to be 
opened. <A stream of hydrogen gas will immediately 
issue from the aperture at the point of the cone, and will 
be inflamed by the electric spark, as represented fig. 31. 
The cock e is now to be opened, and the size of the flame 
of hydrogen gas moderated by partly shutting the cock 
d. As the volume of hydrogen gas consumed is double 
that of the oxygen, and the pipe which transmits it, is 
of less diameter than that conveying the latter, about 
twice the pressure is required to expel the hydrogen. 
This is given, by lessening, in that proportion, the weight 
of the counterpoises of the gasometer containing hy- 
drogen. 

During the combustion, the moveable vessel of each 
gasometer descends; and by observing the graduated 
scales, it will be seen that the hydrogen vessel falls twice 
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‘as quick as that which holds the oxygen gas. It is ne- 
cessary to keep the receiver d cool by means of wet cloths, 
gnd when this is done, the water which is produced will 
form into drops on the inside of the receiver, and collect 
at the bottom. At the conclusion of this experiment the 
receiver is to be again weighed, and the increase noted. 
The quantity of gases consumed is to be observed, and 
their actual weight computed. It will be found, that the 
weight of water produced is very nearly equal to that of 
the two gases expended; thatis to say, for every hun- 
dred grains of water generated in the receiver, 88.3 
grains of oxygen gas, and 11.7 grains of hydrogen gas 
(equal by measure to about 250 cubic inches of the 
former and 500 of the latter), will have disappeared from 
the gasometers.”’ 


WATER—Decomposine Apparatus. (See Gun-sBar- 
REL Apparatus, page 164.) 


WELTER’S SAFETY TUBE—Is a contrivance 
for preventing the bursting of distillatory apparatus, in 
consequence of the sudden extrication or condensation of 
any gaseous body during chemical processes, figs. 40 and 
Al, plate 1. 


WOLLASTON’S (Dz.) SCALE OF CHEMICAL 
EQUIVALENTS—The imvention of this scale was 
made known in the first part of the Philosophical Trans- 
actions for 1814. It is a sliding scale intended to an- 
swer at sight an indefinite number of questions, respect- 
Ine the composition and mutual decomposition of neu- 
tral salts; and is calculated to facilitate the study and 
practice of chemistry. It gives the composition of any 
weight whatever of any of the salts contained on the 

U 
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scale, the quantity of any other salt necessary to decom- 
pose it, the quantity of new salt that will be formed, and 
many other similar things, which are perpetually occur- 
ring to the practical chemist, and cannot be answered 
without an arithmetical calculation. 

The following extract from Dr. Wollaston’s Paper 
will best describe the use of this important instrument. 

“‘ It is not my design in the table which follows this pa- 
per, to attempt a complete enumeration of all those ele- 
ments or compounds which I suppose to be well ascer- 
tained, but merely to include some of those which most 
frequently occur. I do not offer it as an attempt to 
correct the estimates that have been formed by others, 
but as a method in which their results may be advan- 
tageously applied in forming an easy approximation to 
any object of our enquiries. 

The means by which this is effected may be in part 
understood by inspection of the Plate, (Plate 17,) in 
which wiil be seen the list of substances intended to be 
estimated, arranged on one or the other side of a scale 
of numbers in the order of their relative weights, and at 
such distances from each other, according to their 
weights, that the series of numbers placed on a sliding 
scale can at pleasure be moved, so that any number ex- 
pressing the weight of a compound may be brought to 
correspond with the place of that compound in the ad- 
jacent column. ‘The arrangement is then such, that the 
weight of any ingredient in its composition, of any rea- 
gent to be employed, or precipitate.that might be ob- 
tained in its analysis, will be found opposite to the point 
at which its respective name is placed. 

In order to show more clearly the use of this scale, the 
plate, (Plate 17) exhibits two different situations of the 
slider, in one of which oxygen is 10, and other bodies 
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are in their due proportion to it, so that carbonic acid 
being 27.54, and lime 35.46, carbonate of lime is placed 
at 63. 

In the second figure, the slider is represented drawn 
upwards till 100 corresponds to muriate of soda, and 
accordingly the scale then shows how much of each sub- 
stance, contained in the table, is equivalent to 100 of 
common salt. It shews with regard to the different 
views of the analysis of this salt, that it contains 46.6 
dry muriatic acid, and 53.4 of soda, or 39.8 sodium, and 
13.6 oxygen; or if viewed as chloride of sodium, that it 
contains 60.2 chlorine and 39.8 sodium. With respect 
to reagents, it may be seen that 283 nitrate of 
lead, containing 191 of litharge, employed to separate 
the muriatic acid, would yield a precipitate of 237 muri- 
ate of lead, and that there would then remain in solution 
nearly 146 nitrate of soda. It may at the same time be 
seen, that the acid in this quantity of salt would serve 
to make 232 corrosive sublimate, containing 185.5 red 
oxide of mercury, er would make 91.5 muriate of ammo- 
nia composed of 6 muriatic gas (or hydro-muriatic acid) 
and 29.5 ammonia. The scale shews also, that for the 
purpose of obtaining the whole of the acid in distillation, 
the quantity of oil of vitriol required is nearly 84, and 
that the residuum of this distillation would be 122 dry 
sulphate of soda, from which might be obtained, by 
crystallization, 277 of Giauber salt containing 155 water 
of crystallization. These and many more such answers 
appear at once by inspection, as soon as the weight of 
any substance intended for examination is made by the 
motion of the slider correctly to correspond with its place 
in the adjacent column. 4 

With respect to the method of laying down the divi- 
sions of this scale, those who are accustomed to the use 
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of other sliding rules, and are practically acquainted 
with their properties, will recognise upon the slider itself, 
the common Gunter’s line of numbers (as it is termed,) 
and willbe satisfied that the results which it gives are the 
same that would be obtained by arithmetical computa- 
tion. 

Those who are acquainted with the doctrine of ra- 
tios, and with the use of logarithms as measures of 
ratios, will understand the principle upon which. this 
scale is founded, and will not need to be told that all the 
divisions are logometric, and consequently that the me- 
chanical addition and subtraction of ratios here performed 
by juxta-position, corresponds in effect to the. multipli- 
cation and division of the numbers by which those 
ratios are expressed in common arithmetical notation. 

To others who are not equally conversant with the na- 
ture of logarithms, and consequently have not so cor- 
reet a conception of themagnitudes of ratios, some further 
explanation of the mode in which the scale of equiva- 
lents is constructed, will, I presume, be acceptable. 

They will observe, that the series of natural numbers 
are not placed at equal imtervals on the scale;but that 
at all equal intervals are found numbers which bear the 
same proportion to each other. In fig 3, plate 17, some 
of the larger intervals alone are represented on a line 
similarly divided. The succession of intervals, marked 
A, B, C, D, , are all equal, and at these points of di- 
visions are placed numbers, I, 2, 4, 8, 16, which increase 
progressively by the same ratio. And sinee the series 
3:6: 12:24, increase in the same ratio of 1 to 2, these 
intervals (plate 17, fig 3) a,b, c,d,e, are the same as the 
former. At another succession of different yet equal in- 
tervals, marked F,G, H, 1, are placed numbers 1,3, 9, 27, 
which increase regularly by an equal ratio of 1 to 3; 
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and by means of a pair of compasses it would be found 
that the interval from 2 to 6, or from 6 to 18 (which are 
in the same ratio of 1 to 3) is exactly equal to I’, G, the 
interval between land 3. As any single space repre- 
sents any one ratio, so the sum of any two or three equal 
spaces represent a double or triple ratio. If 1 beencreased 
three times by the ratio of ] to 2,it becomes 8, which 
bears to 1 triple the ratio of 2to 1. This ratiois therefore 
rightly represented by A, D, which is the triple of A, B. 

The distances of the intermediate numbers 5, 7, 10, 
11, 13, &c. trom 1, are likewise made proportional to the 
ratios which they bear to 1, and are easily laid down by 
means of a table of logarithms; for as these are arith- 
metic measures of the ratios which all numbers bear to 
unity, the spaces proportional to them become linear 
representations of the same quantities. 

As the entire spaces A D, A EH, represent the ratios 
of 8 and of 16 respectively to one, so the difference D 
represents the ratio of 8 and 16, which stand at D and Ki, 
to each other. And in the same manner, any other 
space, k, J, represents. correctly the ratio of 7 to 13; so 
that the measure of a fraction expressed by quantities 
that are incommensurate, is rendered as obvious to sight 
as any simple multiple. And if a pair of compasses be 
opened to this interval, and transferred to any other 
part of the scale, the points of the compasses will be 
found to rest upon numbers bearing the same proportion 
to each other as those from which the interval was trans- 
ferred. 

it is exactly in this manner that the various points in 
the column of equivalents indicate the several quantities 
sought in any given position of the slider. The relative 
distances at which the articles are placed, represent so 
many different openings of the compasses rendered per- 
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manent and presented to view at once. In the table 
which I shall place at the end of this communication, 
the relation of the various substances enumerated to 
each other is expressed by numbers. Inthe engraved 
scale of equivalents, the ratios of these numbers are re- 
presented by logometric intervals, at which they are 
placed, their several positions being determined by those 
of their respective numbers on the slider, which is logo- 
metrically divided. Consequently all the several points 
in the column of equivalents will indicate numbers in the 
same due proportions to each other, whatever part of the 
scale may be presented to them. ‘Those who seek infor- 
mation, may obtain it by inspection; those who already 
possess it, may be able to correct the positions of some 
articles by direct comparison with the best analyses upon 
record, in whatever numbers the results of those ana- 
lyses may happen to be expressed. 

Another example will farther illustrate the application 
ofthis scale. Let us suppose that, in trying the strength 
of muriatic acid, 94 grains of carbonate of lime have been 
dissolved by the acid. Then if 94 upon the slider be 
set exactly to carbonate of lime, it may be seen that the 
solution would yield 104 muriate of lime, consisting of 
53 lime, combined with 51 muriatic acid, which has dis- 
engaged 41 of carbonic acid. The quantities of othe 
acids equivalent to 51 of muriatic acid, and of other 
bases equivalent to 53 of lime, appear by inspection at 
the same time, and also the weights of various neutral 
compounds that result from their union, and are therefore 
equivalents in mutual decomposition. It will be seen 
that to precipitate the muriatic acid by lead, we may take 
a solution of 310 nitrate of lead, 209 litharge, combined 
with 101 nitric acid, and shall then obtain 260 muriate 
of lead: that to precipitate the lime, we may use 89 pure 
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potash, and that there will then be in solution 140 mu- 
riate of potash; or, if we employ sulphate of soda, 
303 of the crystallized salt will precipitate 162 selenite, 
and leave in solution 110 muriate of soda; with a great 
variety of similar information at once presented to view, 


in the same position of the slider. 


THE END. 


ERRATA. 


Page 30, line 13, for Chevia, read Chenevix. 

.. 32, omit fig. 23, plate 15, w fig. 7, plate 7. 
65, .. 17, for produce, read produces. 

68, .. 12, for copper, copper, read copper. 


21, .. 4, for projeeting, read projection. 
73, . 32, for fuxible, read Heaible. 
. 81, .. 15, for mors, read more. 
. 88, .. 31, for fig. 28, plate 4, read fig. 54, plate 1. 
120, .. 4, for ammoniac, read ammonia. 


.. 122, .. 24, for fig.12, plate 12, read fig. 9, plate 12. 
gee Pal. waa pe 

.. 1384, .. 8, for figs. 10 and 16, read figs. 10 and 11. 

» 137, .. 29, for fig. 9, plate 7, read fig. 11, plate 13. 
. 143, .. 13, for fig. 1, read fig. 11. 

«. 237, .. 10, for chambers, read chamber. 

. 13, for cock, read cork. 
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“This work, elucidating a discovery already established, and applied to 
grand public utility, is entitled to the notice of the curious and scientific of 
ail nations.’—Monithly Magazine. 
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